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PREFACE TO THIRD EDITION.

IN
preparing this Edition much new matter has been added,

and the book rendered more complete in every respect,

especiall}^ in the parts treating of Medical Anatomy. I

trust the time is^ot far distant when a book such as this

Mill be used by every Medical Student before he has left

the dissecting-room, for there is nothing in it—excluding

the mere details of Operative Surgery— that he could not

get up much better, and more easily, during the time he is

preparing for his Anatomical and Physiological examination

:

for Anatomy is but the handmaid of Surgery—but the

(h-y bones, into whi«iirs^urgery breathes the breath of life.

Were such a course pursued, the examination in Surgery,

instead of being the bugbear it is to so many Students,

would beconie the easiest and most satisfactory part of the

whole examination. "

A large number of new Illustrations have been added,

the plates of which have been engraved partly by Miss

E. P. Hill Burton and partly by Mr David L. TurnbuU,

to both of whom I now desire to express my thanks.
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My thanks are also specially due to Dr Symington for

the use of Fig. 119, showing the jDosition of the mastoid

antram, and also for the use of the bones, shoAving the

various epiphyseal lines, from wliich the engravings were

made by Mr Turnbull ; and to Dr Wallace, Senior Assistant

to the Professor of Surgerj', for photographs of the same.

For Figs. 42 and 43 of the present volume I am indebted

to the kindness of Professor Cunningham.

I am also indebted to Dr F. M. Caird for a number of

the sketches from which tlie Wood Engravings have been

drawn.

I have, also to express my thanks to Dr Aitken, Avho has

rendered me niuch valuable assistance in the revision of tlie

proof-sheets.

The Second Volume will be produced with as little delay

as possible.

J. M'L.

Edinburgh, A-pril 1889.
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EXTRACTS FROM PREFACE

TO

SECOND EDITION.

Ix preparing the following pages for the press, I have endeavoured

to vmte, as a Stiifk-Jit, to Students ; in this way I hope I have

been enabled more thoroughly to meet the wants of Students

preparing for the various Final Examinations throughout the

Kingdom. The present book is intended to replace a small book

I published some years ago, but is to be regarded as essentially

different in all respects. It is intended to be sufficient for the

various Higher Examinations, as well as for those of less severity,

and especially is it intended for those Examinations that require

actual operations on the dead body as part of the Final or

Pass Examination. The Lancet, in its kind and favourable review

of my first book, drew attention to some points wherein it was

deficient—chiefly in relation to "Surface Anatomy." I trust the

present book is less deficient in tliat respect, but there are some

things that cannot be learned except beside the living, or dead,

body. I have certainly pointed out the special relations of the

various important bony points that can be felt, or seen, on tlie

suxiace of the body ; but to learn the Surface Anatomy properly.
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the Student mu.t have the aetual body beside hin. to see and feel
lor himself.

The greater number of the engravings are original-most ofhem being prepared from rough sketches by the Author; but
or then, elaboration and execution I must express my thanks

to Mr David L. Turnbull, wlxo has engraved aU the plates-th but five exceptions. I ^.^t also express my thank^
to Messrs Longmans, Green, & Co. for permission to insert
^os. 41 and 4-2, and to Professor Cunningham for permission
0 msert .^os. 59 and 60, as well as to his Publishers (Messrs
Maclaeh an & Stewart) for the ready and courteous manner in
-hich they furnished the necessary electrotypes. If at timesm tlie drawings, I have sacrificed strict scientific accuracy for
the sake of impressing special points on the Student's mind
I must be excused, for what is the use of engravings unless
they ^n.press the idea they are intended to convey, and teach
some practically useful fact.

J. M'L.

EiJiNBUiUiir, May 1S87.
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APPLIED ANATOMY:

SUEGICAL, MEDICAL, AND OPERATIVE.

—*~—
CHAPTER I.

ANEURISM.

In introducing the subject of Ligature of Arteries, I propose to say

a few words concerning Aneurism in general, and its treatment.

An Aneurism may be defined as a swelling containing blood,

cither fluid or coagulated, communicating with the cavity of an

artery. Mr ERiOuciEN thus classifies the diflerent forms :

—

I. FtrsiFOEM—True.

II. Sacculated.

(a) True.

(h) False.

(1) Cirmmscrihed.

(2) Diffused.

III. Dissecting.

The cirsoid and arterio-vcnous varieties are not included in this

classification. Formerly, a true aneurism meant one whoso wall

was formed by an equal dilatation of all the coats of the vessel
;

as a rule, it now means an aneurism whose wall is formed by one
or more of the arterial coats.

I.—Fusiform or Tubular Aneurism consists of an equal
expansion of all the coats of the vessel throughout its entire

circumference
; this form is most frequently met with in the arch

of the aorta.

A
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II -By a Sacculated Aneurism is meant a tumour springing

^t"iofo/"^
° T ^

^^^"^'-^^ ^^th'th:

m Tof tl"
' ^7"^-^--tes by a narrow opening caUed themouth of the sac («) In tn^ sacculated, the sac waU is formedby all the coats of the vessel

; ip) in false sacculated, the internal
01 middle coat, or both, are deficient, and the wall of the sac
therefore is formed by the outer and middle coats only, or elseby the outer coat alone. To this latter condition the name of
c^rcumscnbed false aneurism is sometimes applied ;

'

false
aneurism means that the sac of the aneurism is not fomod by the
coats of the artery at all, but by the tissues outside the vessel- the
blood being either confined by the condensed tissues of the partm o a circumscribed tumour, or else widely diffused in the loose
cellular tissue.

III—Dissecting Aneurism.-In this form the internal coat of
the artery becomes eroded, or an atheromatous abscess bursts, and
the blood makes its way through the ulcer or erosion and burrows
between the coats of the vessel. As a result of this, it may
either burst through all the coats and be effused into tlie sur-
rounding tissues, or, if the external coat be strong enough to resist
the rupture, the blood travels along between the coats for some
distance, and again opens into the cavity of tlie artery; or, thhdly
It may form a sac in the middle coat, which may remain for a time
unaltered, but which wHl, in all probability, eventually burst
externally. This form of aneurism is met with most frequently
in women.

Various other methods of classification are adopted by different
witers, e.g., some divide aneurisms simply into:— (1) True
where the sac waU is formed by one or more of the coats of
the vessel; this form being associated with disease of the artery.

(2) False, Avhere the tissues oidside the vessel form the sac wall;
this form being caused by a wound of the artery, or else by the
bursting of a true aneurism.

Others again divide them into :—(1) Spontaneous, or that
associated with disease. (2) Traumatic, from one of three forms
of traumatism—(a) a direct wound; (b) a strain or bruise;
or (c) the sliarp end of a fractured bone penetrating the vessel.'

(3) Arterio-venous. (4) Cirsoid.
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Arterio-venous Aneurism is usually caused by a wound whicli

simultaneously implicates an artery and some neighbouring vein

;

in some rare cases it may arise from disease. There are two

varieties:— (1) Aneurismal varix (Fig. 1), where the wounded

artery and vein have adhered closely, and the inflammatory exuda-

tion, caused by the injury, has fixed them in this position, and

Fig. 1.

Aneurismal Varix.

Vein.

Ai'teiy.

The aiTOws indicate the direction of the Wood-stream.

at each pulsation a jet of arterial blood is projected directly into

the vein, dilating it and causing incompetence of its valves, and

gradually leading to a varicose condition of the neighbouring veins,

both superficial and deep. The veins become tortuous, thickened,

and may pulsate, but there is nothing of the nature of an aneu-

rism formed. (2) Varicose aneurism (Pig. 2), where the lymph

cementing the two vessels yields and an aneurism is formed,

Fig. 2.

Varicose Aneurism.

The .Sac

I Vein, di-

luted and
tortuovis.

j

Artery.

Tho arrows indicate tlio diroctiou of the blood-stream.

the wall of which con.sists of the new infiamniiitory material and

condensed cellular tissue. The sac of tho aneurism communicates

with both the artery and vein, the blood being projected from the

artery tJirouc/h the sac into the vein, dilating it as in aneurismal

varix. By far the most frequent cause of arterio-venous aneurism

is the unskilful performance of venesection at tho bend of the
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elbow, resulting in the simultaneous wounding of the brachial
artery and the median basilic vein; it is but rarely seen now-a-days,
since this operation is not often performed, and only by Surgeons!
Any punctured woimd, however, may cause it, e.g. from small sliot,

or a spicule of bone in comminuted fracture. In both forms there
is a pulsatile dilatation of the veins, with a well marked thrill

and a loud continuous murmur, increased in intensity at each
cardiac systole, like the " hndt de diaUe" over the internal jugular
vein in anaemia, and which has been likened to " the noise made
by a blue-bottle fly confined in a thin paper bag ; " the murmur
is conducted with greatest intensity along the veins, and, therefore,

towards the heart, and not from it, as in ordinary aneurism. The
chief points of distinction between the two varieties are, that in
varicose aneurism there is a more or less distinct tumour in addi-
tion to the other symptoms, and probably a double murmur—one,

continuous and accompanied with a thrill, such as is always foimd
Avhen an artery and vein communicate; the other, systolic in time,

like that usually found in aneurism.

A Cirsoid Aneurism is produced by the simultaneous elongation
and dilatation of arteries, with thinning of all their coats; but
especially of the middle, so that, in structure, they come to resemble
veins. It forms an ill-defined compressible swelling, with expansile
pulsation, and a soft systolic bruit (with sometimes a diastolic as
well) heard with equal intensity at every part of its surface; on
palpation, it is felt to consist of tortuous and sacculated tubes.

The arteries most frequently affected are those of the scalp, hands,
orbit, and iliac fossa.

In Aneurism by Anastomosis both arteries and veins are afiected.

The blood is not contained in vessels, properly speaking, but in large

spaces or pools into which arteries empty themselves, and from
which veins take their origin; the whole resembling very closely

the condition found in cavernous tissues, or in the maternal part
of the placenta. There is a well-marked thrill, and loud continuous
bruit, like that found in arterio-venous aneurism; pulsation is only
found at spots here and there—the points where the feeding arteries

enter.

Causes of Aneurism.—Anything that destroys the balance

between tlic expansive force of the circulation and tlie mctiou



Surgical, Medical, and Operative. 5

of the arterial wall; or, in other words, Avhatever increases the

blood pressure on the one hand, or reduces the resisting force

of the arterial walls on the other, as thinning of their coats or

diminished resiliency. It is specially apt to OCCUP—(1) In large

vessels, because atheroma (the chief predisposing cause) is a disease

of the large arteries; (2) in places subjected to great strain, e.g., the

axillary artery in sailors, probably from climbing, hanging by their

arms, etc.; (3) where large arteries bend or bifui-cate, because the

pressure is greatest at these j)oints, e.g., the innominate, bifurcation

of the common carotid, and popliteal, (a) Predisposing Causes.

—

Anything that gives rise to a local weakness of the vessel wall.

The great predisposing cause is atheroma, but syphilis, gout, rheu-

matism, Bright's disease of the kidney (especially the granular

contracted form), abuse of alcohol, intemperance, and vice of every

foi-m, are also important predisposing causes; and all the more so

because many of these conditions are accompanied with hypertrophy

of the left ventricle, so that not only is the vessel wall weakened

but the blood pressure is increased as well. All occupations where

sudden and severe efforts are required irregularly, as in soldiers,

sailors, and huntsmen. It is said to be most common between the

ages of thirty and forty. (6) Exciting Causes.—Wounds or blows,

sudden strains, irregular vascular excitement, as from violent exer-

cise or emotion, fits of anger, etc., in people of a certain age, say

above fifty.

<

Symptoms of Aneurism.—The more important symptoms are

—

(1) The presence of a pulsating tumour near the known course of

some blood vessel, and which cannot be separated, or moved apart,

from the vessel. (2) Pressure on the artery above arrests the pulsa-

tions of the tumour, and may cause it to subside, but when the

pressure is removed it refills again, often with a thrill; pressure on

the artery below will cause it to become larger and more tense.

(3) The pulsation *is expansile, the tumour enlarging in all its

diameters at each systole, -and is not a mere thrust forwards. One
may determine whether tlie pulsation is expansile or not in two

ways— (o) By placing a finger on each side of the swelling and

observing whether they are separated or simply raised ; or {Ij) by
fixing a piece of strapping, or clastic webbing, with a slit in its

middle over the swelling, when, if the pulsation bo expansile, the
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slit will open out at eacli systole. (4) The pulse in tlie vessel
beyond the aneurism is delayed, smaller and weaker than it should
be. (5) Pressure effects, e.g., pain, which may either be lancinating
and nitermittent, or continuous and aching, muscular weakness, and
(Bdema from pressure on the veins. (6) Presence of a bruit and thrill.
Note, that many of these signs will be absent in consolidation.

DIAGNOSIS.—(1) From solid tumours placed over large arteries
—(a) The pulsation is chiefly felt along the line of the artery and
not in the lateral expansions, and is heaving in character, not
expansile; {b) the tumour is movable in the course of the artery as
well as from side to side: aneurismal tumours are. only movable
lateralljr, not in the length of the artery; (c) it neither coUapses nor
IS compressible when the artery above is commanded, nor is the
tension increased when the artery below is compressed; {d) all

movement is stopped at once by pressure on the proximal side of
the tumour, and returns at once as strongly as ever when the
pressure is removed

: in an aneurism, the pulsation returns gradually,
and does not attain its full force for a few seconds; (e) it may be
pulled away from the artery when the pulsation is lessened, or lost
altogether: in the abdomen, it may be possible to produce the same
effect by making the patient support himself on his hands and
knees, when the tumour will fall away from the piUsating artery;

(/) bruit and thrill usually absent, and so also alterations in the
arterial pulse beyond.

(2) From an abscess situated over a large artery—(«) An abscess
forms an incompressible and immovable fluctuating swelling, and
has an ill-defined outline; {h) it began with signs of inflammation,
forming a solid swelling Mdiich has gradually softened. An aneurism
begins as a soft swelling, and tends to become harder, (c) When
the artery above is compressed, the pulsation stops, but returns
at once as strongly as ever when the pressure is removed; further,

the pulsation is felt mainly in the line of the vessel.

(3) Cysts are much more sharply defined than abcesses, and are
more or less of a globular shape, whereas an abscess is hemispljerical,

resting on a stool of condensed inflammatory tissue, and has a hard
rim of the same structure round it; further, cysts are usually freely

movable, and, in some cases, may be reducible, e.g., synovial cysts

near the knee joint in cases of chronic rheumatic arthritis. In the
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case of a cyst of the thyroid, situated over the common carotid,

simulating an anuerism, by asking the patient to swallow, the

thyi'oid cyst will be seen to rise and fall with the thyroid gland

during deglutition, whereas an aneurism is stationary.

(4) Pulsatile Tumours of Bone:

Aneurism.

1. Situated in the course of some large

artery, and sharply defined.

2. Pulsation felt as a wave passing 2,

through the swelling.

When the main arteiy is com-

pressed above the tumour, and

the compression removed, the

sac fills out again with two or

three strong bounding beats,

showing the filling of a cavity.

4. When the artery below the tumour
is compressed, the tension in the

aneurism is increased.

5. Aneurismal tumours are movable

laterally, but not in the line of

the artery.

6. When the artery above is com-
pressed, the swelling may be

partially or wholly reduced by
pressure, or collapse spontane-

ously.

7. Bruit well marked.

8. State of neighbouiing bono—an
aneurism eats tlirougli the bone,

and one may feel the edges of

the hole.

Pulsatile Tumour.

May not be so. Not so well defined,

and is soft, spongy and elastic.

Pulsation simultaneous at every

part, though sometimes only felt

at spots here and there, where

large arteries enter.

When so treated, the pialsation at

once returns over the whole

tumour, as it is only due to the

movement of Mood in tubes, not

to the filling of a cavity.

4. Is quite unaffected by such pressure.

5. Are immovable, as they grow from

bone. There will probably be

signs of malignant growth else-

where, e.g., in the kidney, giving

rise to litematuria, and in the

liver, causing irregular nodular

enlargement.

6. When the artery above is com-

manded, it neither collapses nor

is it compressible to any great

extent.

7. rjruit less Jtiarked or wanting.

8. A pulsatile tumour gi'owiug from

a hone usually expands it, so that

one may bo able to feel a thin

slu'll of bono covering the tumour,

and elicit "egg-.shoU crackling"

by gentle pressure.
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Progress of Aneurism.-(l) It may remain stationary. (2) In-
crease an size: the rate of increase depends on its position and
tlie size of the mouth of the sac. Fusiform increase slowly • butthe narrower the mouth of the sac, the greater the pressure on its
walls, the more rapid its growth, and the greater the tendency to
burst. Ihis increase in size gives rise to pressure symptoms-
ve^ns ^.. closed causing oedema, nerves expanded, thinned, or
irritated, e.g., the superior laryngeal, causing a peculiar brassy
persistent cough; the inferior, or recurrent laryngeal, causing
spasmodic closure of the glottis, necessitating the performance of
tracheotomy

: the trunk of the sympathetic in the neck giving, rise
to eye symptoms: muscles stretbhed and wasted, hones eroded and
absorbed

:
cesopliarjus or tvacliea pressed on, causing a difficulty

in swallowing or breathing. (3) Eupture of the sac, and death
from haemorrhage, either externally or internally as into joints
pericardial or pleural cavities. (4) Spontaneous cure-(«) By coa.'
ula ion of the blood in the sac, due to some temporary reta;dation
ot the flow, as from the growth of the aneurism causing pressure
on the artery feeding it, escape of a piece of clot causing embolism
beyond the aneurism, displaced clot plugging the mouth of the
artery leaving the aneurism, or a cbt washed down into the feed-
ing artery from some aneurism higher up. (5) Suppuration and
sloughing of the sac, provided the communication between the
artery and the sac is closed up before the abscess bursts ; if not
It may speedily cause fatal hemorrhage. (.) It is believed by
some Surgeons that an aneurism maybe cured spontaneously by
inflammation of the sac without suppuration.

_

In the first form of spontaneous cure there is gradual deposi-
tion of laminated clot, which tends to restore tlie resisting force
of the wall of the vessel. The outer part of the clot active dot ")
consists of numerous layers of fibrin, and is firmly attached to the
wall of the aneurism; these layers not only strengthen the part
but they tend to contract, and as tliey do so tlicy cause contraction
of the sac, and gradually narrow it down to the level of the lumen
of the original vessel, or may even close it up entirely. In order
that a clot may form, the force of the circulation must be lessened,
and when the clot formation is once begun it goes on till the whole
sac is full, gradually becoming denser and contracting; it thus
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enables the sac to resist pressure, and stops its further growth.
That part of the clot next the lumen of the vessel is soft, amor-
phous, and red, like red currant jelly

1^' i^assive dot''). In many
of the cases examined this is, in aU probahility, only a post-mortem
clot

;
but there is good reason for believing that it precedes the

firm, laminated external clot, and is also formed in those cases
where an aneurism is cured by pressure in a few hours. It is
well to bear in mind, however, that unless great care be taken it
is apt to be broken down and washed away, and then the appar-
ently cured disease begins again. It is most difficult to induce
coagulation in vessels near the heart, on account of the difficultym obtaining a temporary retardation of the blood current; it is
speciaUy difficult in fusiform aneurism of the arch of the aorta.
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CHAPTEE II.
•

TREATMENT OF ANEURISM.

The treatment of Aneurism is divided into Medical and Surgical;
but ill practice it is always better to combine them.

MEDICAL.
This includes—(1) Rest in bed in the recumbent posture, or in

such a position as to impede the supply to, but to assist the return
from, the aneurism; at the same time, paying special attention to
the general health, giving a light, simple, unstimulating diet, but
one nevertheless sufficient for the needs of the body, and avoid-
ing all excitement, either mental or physical. (2) Depletion in
moderation to reduce excessive vascular action ; it also seems to

increase the relative amount of fibrin in the blood. The effect on
the circulation is not lasting ; but this is no objection, as all that
is wanted is a teniporanj lowering of the force of the circulation

in order to allow the blood in the sac to begin to clot. This was
Valsalva's plan, only he carried it to excess, and it consequently
fell into disrepute. In carrying out this method, the pulse must be
carefully watched and depletion stopped at once, should there seem
any tendency to syncope. (3) Gradual starvation, especially of

fluids (Tufnell), with the intention of reducing the total amount
of blood in tlie body, and also the force of the heart's action. The
diet is to be chiefly farinaceous, and alcohol must not be given;

by some it is recommended, after coagulation has commenced, that

a liberal proportion of animal food should be allowed, in order to

increase the amount of fibrin in the blood. Q'lie diet recommended
is something like the following:— 2 oz. of bread and butter for

breakfast ; 2 oz. of bread and 2 oz. of meat for dinner ; 2 oz. of

bread and butter for supper; and a little milk-and-water (as little

X
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as possible) sipped between times. (4) Drugs, such as iodide
of potassium, to lower vascular tension, and, at the same time
to induce coagulation by breaking up the white ceUs of the blood
and liberating the fibrin ferment; aconite and yeratria to depress
and weaken the heart's action. Acetate of lead has also been
recommended. It should be borne in mind, however, that dru-s
^vithout rest in . bed in the recumbent posture, spare diet, avoid-
ance of all excitement, etc., are probably of little use; and that
i± these conditions are properly carried out they are to a crreat
extent superfluous.

SURGICAL.
Before perfoming any operation, one ought to make sure that

tJiere IS no internal aneurism, and that there is an absence of wide-
spread cardiac or vascular disease.

I. LIGATURE.-(a) Method of Antyllus (the "old operation,"
dating from the third century). In this method, the artery is
commanded on the proximal side of the aneurism, the sac is freely
exposed and opened, tlie clot turned out, and then, by means of a
probe as guide, the arterial orifices opening into it are found, and
the artery tied both above and below the aneurism (Fi- 3) Inniany cases it is a very dangerous and tedious operation°to expose
the sac, as it may be deeply placed and surrounded by important
structures, e.g in the popliteal space. Further, there is a great risk
of secondary haemorrhage when the ligatures separate; beskles, veryoften profiise suppuration of the deep trench-like wound thus made

i^nge^Is
characterised as ineffective, tedious, bloody, and

tako^."

^^^.^^l^^^^'^ «f operation, Antyllus made three mis-akcs.-^^-.,-, and most serious, he tied the vessel at a part wherethe coats were diseased; hence, the great mortality aid risk ofecondary hemorrhage. Second, he seemed to think that in d .

ossa V \, \
-^^^ that is

uses of the blood clot. He thought the clot was a vicious thing,
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and that it must be got rid of at all hazards before a cure could
take place; whereas, it is Nature's method of cure, and must be
imitated by any Surgeon who hopes to be successful in the treat-
ment of aneurism by ligature, or any other method.

Fig. 3.

The "Old Operation."

There are still, however, certain cases in which the " old oper-
ation " is specially useful. It may be regarded as the operation for
traumatic false aneurisms, and for this purpose it was revived by
Syme, who adopted this method for the cure of a traumatic false

aneurism in the axilla, probably the result of rupture of the axillary

artery. Under these circumstances, however, the objections urged
against the operation, as performed by Antyllus, disappear. Here
the coats of the artery are healthy, and the operation is nothing
more or less than carrying out the universal principle—that where
possible, the wounded vessel should be tied at the bleeding point.

The following cases may be regarded as suitable for this method:—
(1) Traumatic false aneurism of the axilla, bend of elbow, gluteal

artery, etc. (2) In gluteal aneurisms, not necessarily the result

of a wound, in iireference to the dangerous and difficult operation

of tying the internal iliac artery. Mr Syme used both methods
in gluteal aneurism—one by tlie "old operation," the other by
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ligature of the internal niac—and botli with success. (3) Where
an aneurism has been opened accidentally. (4) Where the sac has
burst, as an alternative to amputation of the lunb. (5) In cases
where the diagnosis is uncertain, as, for example, between' ananeunsm and a pulsating malignant growth ; a diagnostic incision
IS made into the tumour with the view of tying the artery aboyeand below if aneurismal, and amputating if malignant

{h) The Operation of Anel (17lO).-This operation only de-
serves a passing notice. It consists of a careful dissection down
to the aneurism, and then tying the vessel close to the sac, on the
proximal side only, but without laying it open as Antyllus did'
it IS open to the same objections as those ui-ged against the method
of Aktyllus (when applied to spontaneous aneurism), and canhardly be looked upon as an improvement on that method—
112 ^7^^^!;°.^™^ through the aneurism, and makes no
provision for utilising the collateral circulation, and the clot formed
s Idcely to be soft and loose. (2) A diseased part of the vessel I

Sm t %^t--
(3) It is often difficu

s a further difficulty m securmg the vessel, more especially asthere is no certain guide to it, like the probe passed in thevessel through the sac in the method adopted by Antyllits Iought to mention that the - methode d^Anel" occupies the sameplace m French Works on Surgery as the " Hunteir oi emt n "
occupies in English, German, Italian, and American Wo k^
tZA^^^- --^^ - the'

(c) Hunter's Method.-More than one hundred years a^o (] 785)

thettZ :?sc^i^^^^^^^ ^t was

fi, n 1 r
^^'^oiiing> lounded upon accurate observationof the methods of his predecessor., and the causes of their fa lures !^

(1) He saw that it was necessary to select a sound part of ti e vesselon which to operate; he therefore tied tlie arterv J '""^^^^^''f
accessible point betM-een the aneurism and thi r^ f ,

""''^^
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method of cure; but that its formation and growth ou-ht to be
encouraged. (3) He said that to cure an aneurism it was not
necessary to check the flow through it completely, but only "to
take the force off the circulation " for a time. (4) He trusted to the
collateral circulation to carry blood to the limb beyond the li-ature
and thus prevent gangrene; but there should be no Zar^e^vessel

Fig. 4.

HUNTER'S Method.

Aneurism.

Branches for collateral

Circulation.

Ligature.

The arrow shows the direction of the blood-stream. Observe the double chain of
anastomoses—one over the aiieiu-ism, the other over the ligature.

between the ligature and the aneurism. After the application of the
ligature, the cure by blood clot begins, as the force of the stream is

lessened, the aim being to produce a temporary obstruction only,

and trust to the collateral circulation in the meantime.
According to Mr Holmes the Hunterian operation is indicated :

—

(1) "Whenever an active aneurism is situated upon an artery in-

accessible to pressure, but which Avill allow a ligature to be put
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round it without excessive danger, and >vith a sufficient space

hTvln the part tied and the tumour, e.g., the xhac and carotid

'
tt es The' e vessels ndghi be compressed, but the patient very

arteries, xu
.^^^ ^^.^^^ g^^^e peculi-

In some cases compression may be tried for a sloort time, but if it

is not successful amputation or the ligature is indicated.

According to the same authority it is contra-.nd.cated .-

(1) In aortic and innominate aneurisms, as ligature here has always

been fatal Try medical treatment first, and only have recourse to

?:a'ure as a Jt resort, wben medical treatment fails, or if he sac

is about to burst or has burst. (2) In an artery so si uated as o

admit of compression, unless it has been tried and failed, o s

contra-indicated. (3) In recent traumatic aneurisms espec aUy

.vhen caused by fracture, without a previous trial of

of Nature aided by rest, position, and pressure, direct oi mdi ec

(4) In extensive disease of the heart and arterial system :
m sucJi

a case digital compression is the best and safest.

(d) Another method of ligature was suggested by Bhasdor

(1721-1799), although to Wardrop (1822) belongs the credit of

havin" first performed the operation, viz., that of tying the artery

on the distal side of the aneurism. It is chiefly applicable m

cases of aneurism at the root of the neck, and was or.ginally

intended for aneurism at the lower part of the common carotid

or aneurisms that hold an intermediate position (as regards treat-

ment) between the Physician and the Surgeon. It has also been

used in innominate aneurisms, where a cure was attempted either

by tyinrr looth its branches simultaneously, or by tying the riglit

commo^ carotid first, and then, if necessary, the subclavian some

weeks or months later. In cases where it is judged expedient to

adopt this method in innominate aneurism, the common carotid

should be first secured, as it is found that in cases of nalural cure

this vessel is the first to be obhterated. It has further been tried

in mixed innominate and aortic
.

aneurisms, and m pure aortic.



Applied Anatomy:

A distinction is sometimes drawn between the methods of Brasdox

td mrtop. BK.SBOB's operation is ligature of the mam trunk

Teyond the 'aneurism, the common carot.d m aneuns- a^^x s

1 .;,.nrt ^Fic 5) Avhereas Waedhop's operation is ligature ot

r:rC:h^o'/th:^main branches, ... the common carotid, or the

subclavian, or both, in innominate aneurism (Fig- 0).

Fig. 5.

Brasdor's Method.

Fig. 6.

Wardrop's Method.

Ligature.
LigJiturc -

Anouristn.

• Ligature.

Auounsm.

i

The arrows show the direction of the blood-stream.

n. C0MPRES8.0N.--This m^ be^^J^^
aneurism directly, or to the mam aitery

^ -^^^ itself)

the aneurism :-(a) Direct
P-^^f

a method not often nsod, and
^^^^^i:;,^,, JJ ....

(1) It is apt to cause sloughing and
P^'f^"!'" J^^^^

2 If this method be worth retannug,
jfj empty

/cure, the pressure to but if

-r^rir:i^'^---rmationoft.^
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,.lot' is absent viz., blood, and it is difficult to see how a cure can

clot IS ciubeui^, VI/..,
)

1^ before

srfr:::r~-oi2^^
^^2^^^.^^ of the sac as a primary tlnng, wbereas w

wTe'xdy seen, in discussing the spontaneous cure ot aneunsm

g:ML, that the contraction of the sac follows as a secondary

result upon the contraction of the fibnn of the blood clot.

ndirect pressure pressure on the mam artery on the

.rox md s de of the aneurism) may be applied in various ways

!lm Dital, by relays of well-trained intelligent ass.stan s

.^i how t; apply a proper amount of pressure, and nr th^

proper direction. It is, as a rule, simple, easy, painless, and rapid,

St atistics of results are much better than those of ligatu^

Pressure is farther useful in many^cases, e.g., m the femoral, even

though the vessel may have to be ligatured afterwards, as it opens

up the collateral circulation, and for this reason gangrene is less

likely to follow the operation. In some cases, however, it is ve y

pailil, so that the patient must be kept under the influence of an

an^thetic. (2) Instrumental, as Carte's tourniquet, or 1

Watson's weight-compressor for the femoral artery m the giom ,

Skev's or SiGNOEONi's tourniquets for the brachial artery
;

anc

LiSTKH's for the aorta or common iliac arteries. Wliatever method

be employed there must be no circular compression «f ^^^^ ™'
and the pressure ought, if possible, to be elastic.

(3)

JFle^^o^;

(Haet) may sometimes succeed in curing aneurism situated at tJio

bond of the limb, and on the superficial aspect of the artery, e.j/

,

in the popliteal space and in the space in front of the elbow jomt

The limb is bandaged in acute liexion, and the patient is kept

in bed with restricted diet. This method may be used when the

aneurism is-(a) in the flexure of a joint; {b) not of large size ]

(c) wlien the coverings of the sac are free from inflammation ,

(./) when the joint is not involved; (e) when the aneurism is on the

superficial aspect of the circumference of the artery; (./)
occasion-

ally when other means, such as ligature or instrumental compression,

fail. (4) Esmarch's bandage (Reid). This combines the eflects ot

direct pressure, and tlie total stoppage of the circulation. Supposing

the aneurism to be in the popliteal space, wo are directed to bandago

the limb from the toes up to the popliteal apace pretty hrnUy, tnt
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pass very lightly over the sac, or leave it free altogether, as we do

not wish to empty it of blood, and then tighten agam as we ascend

the thigh, and finally fasten it by an elastic tube. It should be

applied under anaesthesia, and kept on for one or two hours; and

after removal digital compression must be kept up for some time.

It is to he used-{l) In cases where we hope to cure the aneurism

at one sitting, i.e., iu small and recent aneurysms. (2 -^^^^^
pression and flexion have failed. It is not to he mecl--{l) Where

there is any danger of the sac bursting; (2) where the aneurism

large and rapidly increasing ; (3) where thei. is serious venous

obstru°ction ; (4) where the aneurism is inflamed. The^«.,e^^^^^^^

this method are-(l) Eupture of the sac ; (2) gangrene of the limb

(3) increase of pi-essure thrown upon other arteries and on the

heLrespecially dangerous in some forms of heart disease as, for

example, fatty degeneration.

Ill MANIPULATION.-The sac is manipulated so as to break

np the fibrin us clot, and part of the broken up clo is displaced

rrlle ce«,ta»l arte,.,. In tl« 1W>S it .s bss dang^n.

TV rnAGULATING INJECTIONS.- This method can only W

the sac.

V NTRODU0T.ON OF. FOREIGN BOo^S i^^^^^^^^^^^

fine iron wire or horse hair thioug i a sui

needle. This is supposed to liasten ti c matron o

the fibrin of the blood, in the

^--^J^,^ ,^en

defibrinated by whipping it with a bundle oi wife

nil in some cases of aortic and subclavian aneurisms.
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YI. GALVANO-PUNCTURE (Dr John Duncan).—This may be

used in some cases of internal aneurism, or aneurism at the root of

the neck where other operations are contra-indicated. At the +
pole the clot is hard, small, and firm, oxygen is set free, iron salts

are produced, and the fluid round the needle has an acid reaction.

At the — pole the clot is soft, loose, large and frothy, hydrogen is

set free, and the fluid round the electrode has an alkaline reaction,

caustic potash being produced ;
although the clot produced is not so

firm as that at the positive pole, its efl-ect in cauterising the tissues

is much more marked. Both poles may be introduced into the sac

at some httle distance from each other, or the + pole alone may bo

inserted, while the other pole is made to rest on a broad, flat, moist

sponge,, on some other part of the body. In this way the tissues

near the — pole are not cauterised, as the broad sponge forms, as

it were, a wide door through which the electricity can pass under

low pressure, just like the broad copper plate which should always

form the ground termination of a lightning conductor. The

needles should be insulated almost to the very point. Use a

M'eak continuous current for ten or twenty minutes at each sitting.

The same precautious must be adopted as in the introduction

of coagulating injections, lest it give rise to fatal embolism. The

objections to its use are— (1) That it only produces a soft coagulum,

which is apt to melt, and the cure is thus rendered uncertain;

(2) it is liable to set up severe inflammation of the sac and its

contents
; (-3) the needles may produce eschars at the points of

their insertion, and thus give rise to secondary htBmorrhage.

In the treatment of aneurismal varix, operation is seldom

called for, as there is no true aneurism, and the disease has but

Httlc tendency to spread. It is chiefly a dilatation of veins, and

it rarely tends to rupture or ulcerate— except in the lower ex-

tremity where- it may extend and occasionally ruptures, giving

rise to fatal htcmorrhagC, in the same way that varicose veins

occa.sionally do. This condition may exist for the greater part

of \ life- time with but little change, especially in the upper

extfemity; and the rule is that if it is not advancing it should

he l(;rt alone, so far as any operative measures are concerned. All

that requires to be done is to give support to the distended vessels

by ^Fn.rtin's bandage, elastic or laced stoclcings, etc. The difi"orent
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operative measures reconnnended for radical cure are— (1) Indirect

pressure, digital or instrumental; (2) flexion; but Loth these plans

are probably of little use as there is no distinct sac, and therefore

little tendency to the formation of a proper coagulum as in aneurism

;

(.S) injection of coagulating fluids; (4) ligature of the artery above

and below its communication with the vein. 'If aueurismal vanx-

occurs within the skull, it may be necessary to resort to the

llunterian method, and ligature the common or internal carotid.

The Treatment of a Varicose Aneurism must be conducted on

diflercnt principles. Here there is a constant tendency to increase

in size, and it must not be left to take its own course as it will

cither become diffuse through the limb, or ulcerate and give way

externally. Various methods have been proposed for its cure—

(l)The "old opomtion," as in ordinary false aneurism answers

very weU, especially if it is done early enough, before the coats of

the vessel have become so altered that they will not bear a ligature

m Symb treated ten cases in this way-" Opening the sac and

applyin<^ ligatures on both sides of the aperture." Some recom-

mend that the sac should not be opened, but simply isolate the

artery and tie it above and below (Roux, Fergusson). In either

case the special danger, are-(a) Haemorrhage from the part ot

the artery above the sac; {b) gangrene of the limb below the

sac (2) Injection of coagulating fluids, such as a weak solution

of neutral ferric chloride, with the usual precautions; (3) coin-

pression, direct and indirect; (4)
galvano-puncture; (5) expectant,

/.e., do nothing; (6) amputation.

The Treatment of Cirsoid Aneurism rcpures great caution

us the methods u.sually adopted often fail directly, or though for

u time apparently successful, yet relapses are very frequent, and

occasionaUy even a fatal termination has ^^f^^^
undertaken for the relief of this condition. Undoubtedly tl

best method of treatment is that introduced and perfected by Di

John Duncan of Edinburgh, viz. -electrolysis, or galvano-punctur.-

Dr Duncan, who is probably the greatest authority on the subjcc

of electrolysis in the treatment of aneurism, na^vi, etc., has used

this method with remarkable and unvarying success lor very many

™ The cure is produced in two w'ays-(l) By coagulaliun

of the blood; (2) by cauterising the walls of the artenes. ihe
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coagulant in this case is in s)uall amount, finely divided, and in

t.lie°nascent state; coagulation is principally caused by the positive

pole, the cauterising action by the negative. The advantages are—

(1) That it leaves no scar; (2) that the effect can be very easily

graduated, for the amount of hardening can be felt as the operation

proceeds. It is important not to allow the points of the needles

to approach the skin too closely lest it be cauterised and produce

sloughing, which will not only leave a scar, but also forms an inlet

for the admission of septic organisais, which will lead, unless great

care be taken, to breaking down of the blood clot. Many other

measures have been tried, but, on the whole, with little success;

some of these may be enumerated—(1) Compression, a very doubt-

ful proceeding; (2) hgature of the branches passing to the affected

part, usually unsuccessful, on account of the free anastomoses; also

ligature of the arteries on both sides of the mass; (3) extirpation

m masse, by knife or ligature; (4) injection of coagulating fluids,

which may at one time cause sloughing and at another be absolutely

without effect, and is, therefore, on the whole, unsatisfactory.
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CHAPTER III.

LIGATURE OF ARTERIES IN CONTINUITY.

THE ANATOMY OF AN ARTERY.

Coats.—1. Tunica interna, or internal coat—(a) A single layer

of fi.attened endoihelial cells lining its lumen, which gives to it

its smoothness, and serves to lessen friction; (6) a mh-endothehal

layer of delicate connective tissue, with ceUs, especially marked

in the larger arteries; (c) an ela^tio layer, either in the form of a

loncatudinal elastic network, or else as a perforated membrane (the

fenestrcded memhrane of Henle).' The internal coat as very easily

broken across, especially in the transverse direction and the broken

edge shows a great tendency to curl inwards; this coat may be

ruptured without rupture of the external coat, and when this s

the case the edges curl inwards, a blood clot forms the ^o.i^o.^

the artery is checked, and finally, "organisation" of the clot, and

complete obliteration of the vessel, takes place.

2. Tunica media, or middle coat, consists of bundles of non-

striped muscular fibres disposed circidarly round the vesse
,
mth a

certain proportion of elastic fibres. In passing from ^the larger to

he si icr arteries the proportion (in thickness) of the muscular

fibres increase in comparison with the calibre of the vessel
;
bu

in passing from the smaller to the larger the proportion of elastic

tissue increases, and hence in the aorta it is very well marked

This coat is vlry easily torn by any force that compresses he

Tt ry tansverse^y-sJch as a ligature-or that stretches the.

veS lo'gitudinany. Both the internal -d middle coats ^r^^

divided when a ligature is applied tightly round the arlerj;. Iho

Z^!^cfmty of arteries depends on the middle coat, and is most

marked, therefore, in the small arteries.
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3 The Tunica adventitia, or external coat, consists of a closely

felted layer of wliite connective tissue, with a varying proportion

of longitudinally disposed elastic fibres, which are speciaUy seen

toward's the inner part of the coat, next the muscular fibres of the

tunica media, in arteries of medium size. The arteries withm the

cavity of the cranium and spinal canal have very thm walls, chiefly

due to the thinness of their external and middle coats.

The Arterial Sheath.—In most parts of the body the arteries

are enclosed in a sheath of connective tissue, to which the external

coat is but very loosely connected by filaments of fibrous tissue,

and the sheath itself is but loosely attached to the surrounding

structures. The arteries within the cranial cavity, and the first .

part of the aorta possess no such sheath, and this explains why

aneurism of these vessels burst so very easily—coupled with the

thmness of the coats of the intra-cranial vessels. Some arteries,

such as the common carotids and feniorals, have special sheaths

in addition to the usual sheath, a fact which the student is perhaps

apt to forget when tying these vessels for the first time.

All the facts above enumerated have important bearings on the

natural arrest of Immorrhage, the only means at present open to

many of the lower, animals.

What takes place when a Medium-Sized Artery is completely

cut across?—(1) The artery contracts, because of the circular dis-

position of the muscular fibres, under the stimulus of the knife. (2) It

retracts within its sheath from the elasticity of the longitudinally

disposed elastic fibres in its various coats, and, in some cases, from

the presence, of longitudinal contractile fibre-cells. This retraction

is permitted on account of tlie loose connection between the tunica

adventitia and the sheath. (3) The sheath being now empty for a

little way, falls together or collapses, and this leads to the formation

of (4) the " external " clot, which temporarily seals the vessel. This

collapse of the sheath is permitted because of the loose connection

between it and tlie surrounding tissues. In many cases of severe

hfcmorrhage, which would not otherwise cease, cardiac syncope

occurs, and this gives time for the formation of an external clot

which seals the vessel for the time being. There is a great risk,

however, unless the vessel is otherwise secured, that when the
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heart regahis its vigour, the clot will be forced out, giviug rise to

" reactionary hfemorrhage." If this does not take place, then (5) the

" internal clot" is formed, which is pyramidal in shape, and extends

up the bore of the artery for a short distance. The internal clot

(hondion), and that entangled in the sheath {mrcU), together

with the clot outside all round the severed end of the artery, has

been likened, by Professor Gross, to a glass stopper fitted into a

decanter (Fig. 7). Finally, the whole organises both inside and

outside the artery, and also in the tissues around, and thus the

perfect sealing is completed.

Fig. 7.

Spontaneous Arrest of H/emorrhage.

Ai-torial Slieath

Wall of Artery.

lutenial Clot.

External Clot.

The Result of Partial Division.-(Fig. 8).-In tins case the

vesi can leither contract nor retract perfectly, and the .

It cont action only serve to open up the wound ti.nsve.ely, while

Fig. 8.

Wounded Artery.

the attempts at retraction open it up longitudinally, so that the

sS even though small, goes on bleeding, and may

a fntnl termination (Fig. 9). Here, therefore, the means intended
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by Nature to be unto life are found to be unto death, because they

are perverted; the proper treatment for such a case is to sever the

vessel completely.

Fig. 9.

Wounded Artery.

:ili:!i!!l!i!«3::!i'iy\

To show how the attempts at contractiou and reti-action open up the wound.

The Effect of Previous Chronic inflammation.—The effect of

this is—(1) To cause adhesion Ijetweeii the sheath and the tissues

around ; and (2) to cause adhesion between the outer coat of the

artery and the sheath ;
hence, therefore, the vessel can neither

contract nor retract, nor could tlie sheath collapse even if the

vessel did retract. The result is two-fold—the bleeding is very

free when operating through such tissues, and is exceedingly

difficidt to check, as the vessels to be tied are exceedingly numer-

ous, and cannot be caught by the forceps in the usual way, as the

coats are so softened and brittle that they break down. In this

case it is often necessary to include a portion of the surrounding

textures with the artery in the noose of the ligature, and this is

best accomplished either by means of the old teuacuhim, or else

by a curved needle, threaded with catgut or fine carbolised silk.

In cases of machinery accidents, the absence of bleeding is due

to a different cause ; in such cases the vessels are twisted, and the

inner and middle coats retract and turn iuAvards into a kind of

valve, which effectually prevents hannorrhagc, while the outer coat

is drawn out into a fine -point. In like manner, the much despised

and maligned cat secures the umbihcal vessels of her numerous

])rogeny, by combined chewing and tearing ; in this way also, the

old-style farmer controls the bleeding when castrating certain

domestic animals, for, after having cut through the tunics of the

testicle, he seizes that organ between his teeth and tears it out.

The Vessels and Nerves of Arteries.—The vasa vasomm arc

distributed to the aider coat of the artery; they are chiefly found
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in connection with the sheath of the vessel which they perforate,

and then divide into smaller branches between the sheath and the

vessel, before ending in the outer coat. The nerves form fine

plexuses in which minute ganglia are sometimes found; they

penetrate as far as the middle coat, to the muscular tissue of which

tliey are chiefly distributed.

In arterial hremorrliage tlie blood is bright red, forced out in

a jet, and far saltum, and pressure on the proximal side retards or

stops the flow: but if the patient be inhaling ether or nitrous oxide

gas the blood will be dark, and if the blood flow along a narrow

sinuous wound the jotting character will be lost.

In vmous lia;morrhage there is a rapid flow of purple or black

blood in a continuous stream, and pressure on the distal side

retards; but if the blood be exposed for a short time to the air it

rapidly becomes red. Capillary htemorrhage is recognised by an

oozmg of bright blood from the whole surface of the wound, and

not from special points.

MATERIAL OF LIGATURE.

For a long time a single thread of strong waxed silk was the

substance used. It was "waxed" to make it less slippery, and

therefore more easily tied, to prevent the knot slipping after it was

tied, and, lastly, and most important, to make it non-absorbent.

Usually one end of the ligature was cut close to the knot, and the

other end left hanging out at the corner of the wound, and fixed

there by a small piece of plaster; at the end of ten days or a

fortnight, or more, as the case might be (depending on the size of

the artery tied), when the healing process was completed, the

ligature was pulled away. Tlie security of the vessel was first

ascertained by gently twirHng the thread between the finger and

thumb, when a yielding sensation indicated that the process was

complete, and that the ligature might be safely removed witliout

the risk of secondary haimorrhage. Sometimes both ends of the

silk ligature were cut short, and, -in rare instances, it became

eucapsuled and gave no further trouble.

The chief objections to the silk ligature are— (1) It is a foreign

body in the wound ; and (2) it separates by a process of ulceration

or sloughing : a ring of granulations form on each side of the nooso
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and cut it off in the same way that the "line of demarcation" is

formed in gangrene, and, when the separation is complete, tliB

portion of the vessel included in the noose is hrought away with

the ligature as a small slough. For hoth these reasons the silk

ligature is opposed to primary union, and may lead to complete or

partial failure of the "organisation" of the clot, and the other

processes necessary for the permanent sealing of the ligatured

artery. It is true that in favourable cases the lymph and clot

organise, and the divided internal and middle coats are hlended

together by firm fibrous union before the external coat is ulcerated

through, and in this case there is no danger of secondary htemor-

rhage. In other cases, however, the ulcerative process extends

faster than the healing process, and involves the clot, which then

breaks down, and there is thus a complete or partial failure of the

organising process, foUowed by secondary haemorrhage when the

ligature separates. Hence, in using the silk ligature there was

always an uncomfortable feeling of uncertainty as to the final

result, which only disappeared when the ligature had separated

and the wound healed. Many operators, however, stUl use the silk

ligature in securing the main artery of a limb, as in amputations

;

the silk is first boiled in a 1 in 20 solution of carbolic acid and

kept in a solution of the same till required. This is known as

carbolised silk, and as thus prepared is non-irritating, and either

becomes encapsuled or ultimately absorbed. In septic cases,

however, it is probably better to use non-absorbent material, as

horse-hair, silver wire, or silkworm gut.

Next came the catgut ligature, introduced by Lister, and for a

time seemed all that could be desired ; but by and by it was put

aside because it sometimes disappeared before the vessel was

perfectly sealed, and secondary hicmorrhage was the result, or the

knot slipped, and, further, if the wound became septic so did the

ligature, and again the rpsult Avas heemon-hage. It has, however,

been again revived, and is now used, but only after special prepara-

tion. At first it was prepared by being soaked for some months in

carbolic acid, and the longer it was soaked the better it became

;

but it was found inconvenient to use a method of preparation that

extended over such a lengthened period, hence the process now

adopted is to soak it in a weak solution of chromic and carbolic
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acids for a couple of days, after wliicli it is removed, stretched, and

dried, and preserved in carbolic oil ready for use as required. The

catgut is gradually absorbed, as the process of healing is completed,

by the white blood corpustles or the granulations, and its dis-

appearance is not accompanied by ulceration. In cases, however, of

septic wounds catgut should not be used; it should be remembered,

too, that catgut itself may be septic, and be the means of inducing

septic processes in the wound.

Otlier materials have also been used with success, such as the

middle coat of the aorta of the ox, cut into thin strips, and

stretched to deprive it of excessive elasticity; it is- kept in carbolised

gauze, and before use it is steeped in carbolic oil to render it pliable.

The small tendons from the tail of the kangaroo are used for a

similar purpose, and have the advantage of not requiring any

previous preparation. In using the ox aorta ligature and the

kangaroo tendons, tlie artery is compressed very gently and tied

with a strong knot. This method is said to be specially applicable

in cases where there is a serious risk of secondary htemorrhage, e.g.,

near large branches, as in tying the first part of the subclavian, as

the internal and middle coats are not divided unless the Mgature be

drawn very tight, and, further, it lasts much longer than even

chromic acid catgut, and is therefore to be specially recommended

in circumstances when, for special reasons, the artery must be tied

at a place where its coats are diseased.

SPECIAL POINTS IN REFERENCE TO LIGATURE.

The chief points to be attended to in the ligature of arteries

are the following:

—

1. To select a proper point for the application of the ligature.

(a) It must not be too near the aneurism, because there the coats

of the vessel are diseased; it must not be too far away from

the aneurism, for then the coUateral circulation will be too quickly

re-established through the sac and prevent the formation of a

proper clot; (r;) it must not be too near a large branch, for then

the rush of blood would prevent coagulation at the point of ligature,

and the other processes necessary for the organisation of the clot,

and would ultimately give rise to secondary hemorrhage wlien the

ligature separated.
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2. To have a tlioroiigh knowledge of the general course and

relations of the vessel, the more common abnormalities, as well

as the recognised superficial and deep guides, in order to be able

to mark out the vessel's course on the surface of the body ; in short,

the limb or other part being operated upon ought to be tmnxpavent

to the Surgeon.

3. To make a frue incision through the skin, and. an equally

free dissection down to the sheath of the artery, so as to lessen

the depth of the wound as much as possible. Do not look for tlie

artery in the first instance, but search for the various "rallying

points" one after the other, and the vessel Avill be reached in due

time. The integument is to be gently stretched, without displace-

ment, by the fingers of the left hand, and all large superficial veins

avoided in making the first incision; the position of any large super-

ficial vein is best brought out by arresting the flow through it by

pressure on the cardiac side, e.g., the external jugular by pressing

at the root of the neck, and the long saphenous by pressing a little

below Poupart's hgament. A sharp scalpel should be used, aud

its point made to enter and leave perpendicularly to the surface to

avoid " tailing." Twist or tie all bleeding vessels as you proceed,

and above all things never hurry, but cut through layer after layer

of the tissues covering the vessel, to the full extent of the original

incision, in a calm and deliberate manner, carefully examining every

layer with the eye and finger before cutting it ; but at the same

time avoid lateral di!^xei'ti(niii as far as possible.

4. Make a very limited opening in the sheath. Having cleared

the sheath carefully from the structures covering it by means of

the finger or director, take hold of it with the forceps and pinch

up a small piece into the form of a cone, ofi" the artery, and then

cut into this cone by means of the scalpel, held flatwise, with its

edge awft/y /Vo?ft the vessel, and on a plane just superficial to it.

Take hold of that side of the opening in the .sheath furthest from

you by a pair of Pcan's, or the ordinary toothed forceps, in order

not to lose sight of the opening, and take hold of the other edge

witli your dissecting forceps and clear a portion of the artery just

sufficient to pass the point of the aneurism needle below the vessel.

The clearing of the vessel well is one of the most important points

of the uiiuration. It should be cleared by means of the scalpel and
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forceps till the white external coat of the vessel comes into view,
the back of the knife in the meantime being directed towards the
artery; the opening in the sheath should be about one quarter of
an inch above, and one sixth of an inch below. Too free separa-
tion of the sheath from the artery will endanger the vitality of the
latter by the destruction of the vasa vasorum, which pass from the
sheath to the coats of the artery; but, on the other hand, a small
channel must he cleared tlioroughly in order to pass the armed
aneurism needle easily.

6. On no account lift the vessel from its bed, as to do so
would endanger its vitality, by destroying the-dehcate vasa vaso-
rum, and pave the way for sloughing of tlie vessel and secondary
ha'morrhage. The aneurism needle, with or -without the ligature,

is passed through the aperture in the sheath and gently insinuated

round the vessel till its point is just visible on the other side, and
then the ligature is seized and drawn out by a pair of forceps, while
the needle itself is gently withdraAvn. The handle of the needle
must on no ac^oiint be depressed, as this would raise the vessel

from its bed; also great care nmst be taken not to slide the ligature

up and down the artery, as in both cases the vasa vasorum would
be destroyed. The vasa vasorum run for a little way in the sheath

before entering the wall of the artery, and this probably explains

why it is that in secondary hsemorrhage the blood most frequently

comes from the distal side of the ligature; and the better nutritive

supply on the proximal side, explains why that end of the vessel

is more firmly occluded than the distal end. The needle should

be passed from the side where the chief danger exists, and this,

in large arteries, is usually the vein—a noteworthy exception to

this rule is seen in the case of the third part of the subclavian:

In cases where the artery is accompanied by two veins the needle

should be passed from the side on which the nerve is placed..

Many text-books recommend that the needle shoidd be passed

unarmed, excejit in the case of deep-seated arteries, as the iliacs;

it certainly passes more easily unarmed, but I do not think the

question is one of great importance.

6. Before finishing this part of the operation, compress the

artery between the finger and the curve of the aneurism needle,

in order to make sure that no other structure, such as a nerve, for
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2. A steel director is miicli iised: upon this deep fasciae and

aponeuroses are divided, and it is further to he used to separate

muscular interspaces, and also to separate the artery from its sheath.

3. AVhen the sheath is opened the huifo is to be laid aside and

the vessel cleared hy the director and forceps alone. I may h(!rc

say that if a director is to he used at all to clear tlie vessel, the

most convenient form to emj.loy is, not the straight steel director,

but the ordinary German silver one, with a sliort curve a^thc

lower end, the concavity of the curve being turned towards the

grooved side (Fig. 10).

Fig. 10.

The Director.

4 The aneurism needle is to be passed unthreaded, and any

tissue preventing the easy passage of its point round the artery is

to be scratched through with the thumb nail, or the scalpel cutting

against the needle witli the edge away from the artery.

^
Should the director I have figured be used, the best *ray to

pass it is as follows -.-A small opening having been made in the

sheath, the external edge of the opening is to be grasped by^a pair

of ordinary catch forceps (P6an's forceps will do equally well), and

to aLssistant, while the operator seizes the edge nex hin^^^^^

;ith the dissecting forceps ;
gentle traction should then be n^^^^^^^

and in this way, the posterior part of the sheath is gentlj .tietohed

be ween the two pairs of forceps, and is thus steadied and prcventc

r^Uing and doubling before the point of tire director,

part of whkh then slips round the artery very readily. When the

oint appears at the other side, the edges of the opemng n B

.heatli ire let cro, the Surgeon takes the aneurism needle ai d lajs

s lrrin o the groove on the director, withdraws the director,

I' t the same m^oment carries the needle -njd t e ai ery s^^

11,at as the director retreats it carries the needle with it il.c

ll^y: is then threaded and withdrawn, and the hgature tied n,

the ordinary way.
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P COMPLICATIONS AND THEIR TREATMENT.

,
The chief unfavourable results that may ensue from this

operation are:— (1) Continuance or return of the pulsation in the

sac from misapplied or badly applied ligature, e.g., placed obliquely

instead of transversely, or from the presence of a vas aherrans,

or from a too free collateral circulation, or when the ligature is

applied at too great a distance from the sac, (2) Formation of

another aneurism at the next weakest point of the vascular system.

(3) Gangrene of the limb, from the third to the tenth day, due to

the too tardy establishment of an adequate collateral circulation to

keep up the vitality of the limb beyond the aneurism, or from

injury to the vein. (4) Suppuration and sloughing of the sac.

(5) Hcemorrhuge when the ligature sejjarates, from disease of the

coats, or sloughiug of the included portion of the vessel before the

ends have become permanently sealed by the reparative process

;

thif? may be caused by lifting the vessel from its bed or sliding the

ligature .up and down, and in this way destroying its nutritive

supply.

The treatment after the operation should be mainly directed to

avert the tendency to gangrene. The limb should be surrounded

by a tliick layer of carded wool to keep .up its temperature, and
elevated to assist the venous return. The diet should be moderately

nourishing and easily digested, with the judicious use of opium,

Avhlch not only soothes the patient, but also dilates the small

arteries and capillaries, and thus assists the establishment of the

collateral circulation. On no account should artificial warmth, in

the form of hot bottles, be applied to the limb, as this would only

hasten the gangrene.

0
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CHAPTEE IV.

ANEURISM OF THE THORACIC AORTA.

Although this part of the aorta, for ohvious reasons, is never tied

during life, still aneurism in some part of its course in the tliorax

is, unfortunately, the most common of all forms of aneurism, and a

knowledge of its relations to the surrounding structures is absolutely-

essential in order to interpret the leading symptoms. To point out

these relations, therefore, and the chief untoward effects likely to

be produced when these relations are distm-bed by disease, will

form a fitting introduction to the subject of ligature of special

arteries. There are many reasons why aneurisn> should be so

common here:— (1) It is much curved; (2) it gives off large

branches
; (3) the first part of the arch has no sheath, and the rest

of the thora'cic aorta is but feebly supported
; (4) the jet of blood

driven against its upper wall at each systole is apt to bulge the

coats at that point
; (5) sudden variations in pressure according to

the state of the heart
; (6) the aspiration of the thorax affects it,

for as the chest enlarges the vessel tends to expand.

FIRST, OR ASCENDING PART.— It arises from the base of

the left ventricle at the level of the sixth dorsal vertebra behind,

and the third left costal cartilage in front. From this point it

passes upAvards, to the right, and forwards, and touches the sternum

at the upper border of the second right costal cartilage. This

part of the arch is contained in the fibrous pericardium, and is

surrounded by a tube of the serous pericardium common to it and

the puhnonary artery before its bifurcation ; this depends on the

fact that both vessels are developed from the hulbiis arteriosus

(truncus communis arteriosus) of the embryo. Relations.—In

/•(•OH^—Pulmonary artery, pericardium, right auricular appendix,
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and chest wall. BeMnd— Eight pulmonary vessels and right

hronchus. To its riijlit side— Superior vena cava and right

auricular appendix. Left side—Pulmonary artery.

SECOND, OR TRANSVERSE PART.—This part extends

from the second right costal cartilage, passing transversely to

the left, and backwards, to reach the left side of the body of the

fourth dorsal vertebra. Relations.—It lies under cover of the left

pleura, near its termination. Above— There is the left innominate

vein, and the three large branches of the arch—(a) The innominate

artery
;

(b) left common carotid
;

(c) left subclavian. In front—
It is overlapped by the left pleura and lung, and then from left

to right by the following nerves

—

{a) Left vagus giving off its

recurrent laryngeal branch; (h) cardiac nerves to the superficial

cardiac plexus (left superior cervical of the sympathetic, and inferior

cardiac of left vagus)
;

(c) left phrenic, crossing in front of the

other nerves. Beloiv—Pulmonary artery bifurcating, the obliterated

ductus arteriosus connecting its left division with the aorta,

superficial cardiac plexus, left recurrent laryngeal nerve and the

left bronchus. Behind—Bifurcation of the trachea, deep cardiac

plexus, left recurrent laryngeal nerve, oesophagus and thoracic

duct.

THIRD, OR DESCENDING PART.—Extends from the lower

border of the left side of the body of the fourth dorsal vertebra,

to the lower border of the left side of the body of the fifth dorsal

vertebra. Relations.— front, the left pleura and lung, and
partly also the root of the lung. It lies against the vertebral

column, and to its rujht side, but on a plane anterior to it, we
have the oesophagus and thoracic duct, while on the left side it is

covered by the pleura and lung.

SYMPTOMS AND DIAGNOSIS.

Tlie general means at our disposal for the diagnosis of aneurism
of the aorta in the thorax, as well as its probable position, have
been divided into direct and indirect. Fortunately this differ-

ential diagnosis as to the part affected, guides the special prognosis

more than it modifies the treatment. Tlio direct means of diag-

nosis include inspection, palpation, percussion, and auscultation.
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Inspection may discover a bulging which may or may not pulsate,
or heave. Palpation may show that the pulsation is expansile
and not a mere upheaval, and may also detect thrills. Percussion
indicates an increased area of dulness, and also the shape of that
area, and its probable relation to tlie heart and great vessels. By
Auscultation we may hear the normal cardiac sounds very clearly

in the sac, though they may be less clear between the sac and
the heart; and valvular murmurs may also be well heard, being
transmitted by the blood current. At times also local murmurs,
produced in the sac, usually systolic in time, are heard. A very

common effect of aneurism of the arch is to produce accentuation

of the second sound in the aortic area.

The indirect evidences are derived from the pressure effects

on surrounding structures.

1. The (Esophagus, causing difficulty in swallowing, especially

of solids; on auscultating over the course of the esophagus behind,

delay in the transmission of the bolus may be detected. It may
also be displaced to one side.

2. Thoracic Duct, producing rapid emaciation, anemia, and
sometimes ascites, the fluid poured out resembhng chyle. On
account of the pressure on the duct, the lymph and chyle that it

normally conveys from the intestines to the blood is lost to the

body, so far as nutrition is concerned, and hence the emaciation,

on account of this great loss of fat, which may be discovered in the

stools, causing fatty diarrhoBa.

3. Heart and Blood Vessels.—The heart may be displaced

and its movements impeded, causing palpitation and other signs

of heart disease; the arteries are usually imperfectly filled, and
therefore show diminished tension, and there is also delay in the

transmission of the pulse wave. This accounts for the difference

in strength between the two radials, and the want of synchronism

usually observed in these cases; these changes are best shown by
the sphygmograph. The veins are over-filled, hence the oedema.

4. Respiratory Organs.—AVhen the trachea is pressed on, the

patient has a feeling as if he were being throttled, the respimtion

is noisy, and on auscultation a leopard-like growl may be heard

;

this feeling is increased by exertion and excitement—this is an

important aid in tlie diagnosis of aneurism from ordinary tumours.
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There is a peculiar harsh, brassy cough, lUce the cry of a gander,

but no expectoration, unless there is ulceration present, when there

Tvill probably also be hfemoptysis; the respiratory murmur will be

feeble in both lungs. If only one bronchus is pressed upon, the

symptoms will be somewhat similar but confined to one side

;

there is also very frequently a harsh snoring or wheezing heard

over the part pressed on, from the alteration produced in the size

of the tube. There are no crepitations, nor is the vocal resonance

increased, and therefore it differs from pneumonia. When the

Piilmonarij Artery is pressed on, the symptoms resemble those of

asthma. From this, however, it may be distinguished by the fact

that it is bad day and night, that atmospheric conditions do not

specially affect it, and that it is relieved by the patient assuming

a certain position.
'

5. Nerves.—When nerves are affected we must distinguish two
stages

—

(ci) A stage of irritation, motor or sensory; and (h) the

stage ofparalysis. In sensory nerves there is at first severe shoot-

ing pains, spreading in various directions along the nerve and its

communications
J

this may be followed by complete or partial

anaesthesia. In motor nerves we first have spasmodic contraction

of the muscles they supply, foUoAved, sooner or later, by paralysis.

As examples of the above, we have pressure on the cardiac nerves

producing severe anginous pains; phrenic, first irritated, causing

hiccough, later paralysed; recurrent laryngeal, causing alteration

of voice and dyspnoea from spasm of the muscles of the larynx

during the stage of ii-ritatiou, later aphonia from paralysis of the

same muscles ; on the vagus, causing severe anginous pains, irregular

action of the heart, nausea and retching, asthmatic dyspnoea, and
probably inflammation of the lungs; the sympathetic, during the

stage of irritation causing dilatation of the pupil, with pallor and
coldness of that side of the head and face, from vaso-motor stimu-

lation, but later, when the nerve is paralysed, contraction of the

pupil, with redness and increased heat of that side of the head
and face, from vaso-motor paralysis. It may perhaps be as well,

at this stage, to point out that it is only in cases of dyspnoea from
spasm of the muscles of the larynx, that tracheotomy^is followed

by any benefit ; if it arises from pressure on the trachea or bronchi

by the aneurism, it is of no use. To diagnose the tAvo conditions
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the laryngoscope should be used: then, if it he due to pressure on
the recurrent laryngeal nerve, the ahductor will he paralysed, and
the cord of that side will he found in the " cadaveric position," hut
if due to direct pressure on the air tubes, the cords will be widely
abducted during inspiration. Further, in laryngeal dijspnma, the
larynx itself moves energetically with respiration, while in tracheal
dyspncea it is stationary. Note, that enlarged bronchial glands
may cause spasm of the glottis, as from tubercular, cancerous, or

lymphadenomatous affections.

6.
.
Bones are eroded and absorbed, and during the absorption

there is severe pain, which is sometimes mistaken, for rheumatism.
The pain in the earlier stage is usually lancinating, intermittent,

and neuralgic in character, and is probably due to pressure on the
sympathetic or spinal nerves; it radiates in Various directions

—

left side of head and face, left arm, etc. Later, the pain is more
of a burning or boring character, and seems to depend on the
absorption of the bony' tissue and other compact structures. In
the case of the vertebrre it may cause curvature of the spine, and
lead to compression of the spinal cord, at iirst producing symptoms
of motor and sensory irritation, gradually passing into paralysis

of all the body below the level of the lesion. In attempting to

distinguish between solid mediastinal tumours and aneurism, the

following points should be kept in mind:—(1) In the case of

aneurism the symptoms vary, being worse after excitement or

exertion. (2) A solid tumour may have a communicated impulse,

hut this impulse is never expansile. (3) Solid tumours neither

reproduce the heart-sounds, nor do they give rise to sounds of

their own. (4) In solid tumours it is very rare to find any
difference in the pulses on the two sides of the body.

DIFFERENTIAL DIAGNOSIS AS TO THE PART
AFFECTED.

Ascending Part.—On the anterior aspect it may appear as a

pulsating tumour between the intercostal spaces on the right side

of the sternum ; there is increased didlness on percussion to the

right of the sternum, and, as the aneurism increases in size, it may
compress any or all of the structures in relation to it. In this
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part of the arch the aneurism rarely reaches a large size before it

bursts into the pericardium, since this part has no fibrous sheath like

other arteries (those of the brain excepted), causing sudden death by

by filling it and stopping the heart. It may also open into the

superior vena cava, giving rise to a continuous murmur of a peculiar

character. Should the aneurism be situated on the posterior aspect,

it may give rise to no symptoms except accentuation of the second

sound in the aortic area, and delay of the radial pulse.

Transverse Part.—When on the convex aspect it tends to pass

to the right side of the sternum, or it may present at or above

the manubrium sterni in the middle line; the cardiac plexus is

frequently pressed, on, causing angina-like j:)a««s; and the voice

is altered from pressure on the left recurrent laryngeal nerve,

simulating laryngitis, or, more serious, laryngeal disease. Dijspnma

is an urgent symptom from pressure upon the trachea, bronchi,

pulmonary veins, or left recurrent laryngeal nerve; it may also

j)roduce cough and haemoptysis, and ultimately burst into the

trachea, producing fatal haemorrhage. It may further involve the

thoracic duct or oesophagus, and cerebral disturbances are common
from interruption of the circulation through the -carotid arteries

;

and when the innominate or left subclavian are involved, there

wiU be weakness and delay of the pulse at one or other wrists.

It is very difficult to differentiate aneurism of this part from

aneurism of one of the arteries at the root of the neck; but in the

case of aortic aneurism the tumour is seen to have no defijied lower

boundary on percussion. There is usually well-marked 03dema,

from pressure on the neighbouring veins.

Descending Part.—The symptoms are obscure. There is dull-

ness on percussion over the back or front, in both cases to the left

of the median line, and later the appearance of a pulsating tumour.

There is marked erosion or absorption of the vertebrae, giving rise

to severe pain, referred either to back or chest, and radiating

round the intercostal nerves of the left side
;
pressure on the left

bronchus or trachea, and displacement of the left lung
;

pressure

on the oesophagus causing dysphagia, probably the most distressing

symptom of aneurism in this region. To these may be added tlio

symptoms of pressure on the thoracic duct and veins of the chest-

wall together with delay of the femoral pulse.
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THE DESCENDING THORACIC AOKTA.
This part of the aorta is the direct continuation of the aortic

arch, and extends from the lower part of the left side of the body
of the fifth dorsal vertebra (Turner), lower border of the fourth
(Gray) to the anterior aspect of tlie last dorsal vertebra, where it

leaves the thorax by passing through the aortic opening of the
diaphragm. Relations.— i?e7<mcZ, it hes against the vertebral
column following the dorsal curve; it also crosses the vena azygos
minor inferior, and sometimes the vena azj'gos minor superior.

Fig. 11.

CESOPHAGUS AND THORACIC AORTA.

- (Esophagus.

Aorta.

In front, it is covered by the pericardium, crossed transversely by
the root of the left lung, and very obliquely by the oesophagus. To
^the rigid side, we find the oesophagus (at its upper part), vena azygos

iraajor, and thoracic duct. To the left side, the oesophagus (at its

lower part), pleura, and left limg. Tlie relation that the oesophagus

jbears to the different parts of the aorta in the thorax is worthy of

fspecial note (Fig. 11). It lies behind the transverse part of the
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arch, to the right of tlie descending part; to the right, then in

front, and, lastly, to the left side of the descending thoracic aorta.

These relations are to he specially remembered in cases of real

or supposed stricture of the oesophagus, for both in stricture

and aneurism there is marked dysphagia, and it is of the iitmost

importance to find out on what this depends. Occasionally in

aneurism the patient has been, treated for stricture of the oesophagus

by the introduction of bougies, with the unfortunate and fatal result

of perforation of the sac by the point of the instrument.

Note.—(1) The aorta in this part of its course, it will be observed,

is covered by the left costal pleura; aneurism therefore in this part

of the vessel is very apt to burst into the left pleural cavity by a large

rent, giving rise to sudden and fatal haemorrhage (when an aneurism
opens on a mucous surface, the rent is seldom large, and death rarely

so sudden as when it opens into a serous cavity). (2) The spinal

column is pressed upon, the vertebrte are absorbed, and the cord
may suffer, causing paralysis of the lower extremities. (3) The root
of the left lung passes in front of the vessel, and in the root the
bronchus is the most posterior structure; hence this tube is narrowed,
the lung therefore is imperfectly filled, and peculiar respiratory

sounds are heard on auscultation. (4) The heart enveloped by
the pericardium is also in front, and the growth of the aneurism
impedes the movements of that viscus, and the disturbance thus
caused may simulate heart disease. (5) There is dysphagia from
pressure on the oesophagus. (See above, p. 40, and Fig. 11.)

(6) The thoracic duct is pressed on and may be obliterated, when
there wiU be marked emaciation from the lympli and chyle lost
to nutrition.

Although the aorta in this part of its course is not tied by the
Surgeon, yet, curiously enough, Nature herself can perform even
this operation with success ; for it is by no means uncommon to
find the aorta obliterated just beyond the ductus arteriosus, or at
the junction of the arch with tlie descending aorta, and yet the
patient has survived. This is very interesting from a surgical point
of view, as it shows the resources of the collateral circulation,

and that it is possible to live, so far as that at least is ^concerned,
even when the aorta is tied. 'According to Mr Sydney Jones, the
principal communications by which the circulation was carried on
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wore—(1) The internal mammary anastomosing with the inter-

costal arteries, with the phi-enic of the abdominal aorta, by means
of the musculo-phrenic, and comes nervi phrenici, and largely with

the deep epigastric. (2) The superior intercostal, anastomosing

anteriorly, by means of a large branch with the first aortic inter-

costal and posteriorly with the posterior branch of the same artery.

(3) The inferior thyroid, by means of a branch about the size

of an ordinary radial, formed a communication with the • first

aortic intercostal. (4) Tlie transversalis colli, by means of large

communications with the posterior branches of the intercostals.

(5) The branches of the subclavian and axillary going to the side

of the chest were large, and anastomosed freely with the lateral

branches of the intercostals.
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CHAPTEK V.

LIGATURE OF THE INNOMINATE.

Instruments required in Ligature of Arteries.— Scalpel or

straight bistoury, director, dissecting forcej)s, blunt hooks, a jjair

of broad, bent copper spatulse, aneurism needles of various shapes,

waxed silk or chromic acid catgut ligatures, a pair or two of Peail's

forceps, means to command the htemorrhage, sponges, etc. In

operating on the dead body the instruments required are—(1) A
scalpel

; (2) a dissecting forceps
; (3) a director

; (4) retractors or

blunt liooks
; (5) an aneurism needle

; (6) a pair of "Well«s or

Pcan's forceps, or the ordinary toothed artery forceps; (7) a liga-

ture
; (8) scissors. These must all be selected before beginning

the operation, and placed in a small tray within easy reach of the

operator's right hand. Assistants required:—No. 1, to administer

chloroform. JSTo. 2, to hold and steady the limb, etc. IsTo. 3,

with a blunt hook in each hand, holds apart the edges of the

wound as layer after layer of the tissues are divided; and further,

tries to lessen the depth of. the wound as much as possible, putting

the part into such a position as to relax muscles, etc. No. 4,

standing in front of the operator, and with small sponges on the

ends of sticks, keeps the wound free of blood, and assists the

operator to tie the bleeding vessels. No. .5, standing behind the

operator, hands him the instruments he requires. No. 6, to wash
sponges and hand them to assistant No. 4.

CHLOROFORM.
As this is the first time I have had occasion to speak about

cldoroform, a few Avords as to its administration will not bo out of

l)lace. In Edinburgh, chloroform is the agent usually employed

to produce aniusthesia : it is more convenient than ctlier in many
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ways—the bulk required is less, it is more agreeable to the patient,

is more easily administered as it requires no special apparatus, and
the patient is more easily put under. Witli ether a special appar-

atus is required, as it must be administered nearly pure, the stage

of stimulation is more protracted, its smell is less pleasant to the

patient, and it irritates the respiratory tract much more than chloro-

fomi; but it causes less cardiac depression, so that it should be
always at hand to be used in cases where the pulse shows signs of

failure, or M'here the heart is weak and fatty; but it is only to be
used as an adjunct to chloroform, and in special cases, when the

patient may be put under by chloroform and kept under by ether,

e.(7., in mitral disease. It (ether) must be avoided in cases of

chronic bronchitis, emphysema, and other pulmonary aifections,

as it causes so much irritation of the bronchial mucous mem-
brane, and its subsequent risks are much greater than chloroform;

it should not be given to children, nor used in cases M'here the

operation is conducted by the aid of artificial light, as the vapour

of (Jther is inflammable. It should not be used in operations

about the mouth, as it causes a profuse secretion of ropy mucus

:

it is said to be safer than chloroform, but this is still an open

question.

A towel folded in the form of a A is all that is required for the

administration of chloroform; folded thus, and tightly applied to

the chin and side of face, it allows the administrator to see the

patient's face, and watch the respirations, as well as to observe

changes in colour, and further, allows a free admixture of atmospheric

air. It is not so wasteful as at first sight it seems to be, because the

vapour of chloroform is heavier than atmospheric air, and hence

falls down towards the patient's nostrils. It is found that 3 to 4

per cent, of chloroform, along with 97 or 96 per cent, of air, is the

proper proportion to use. The objection to Skinnkr's inhaler is

that one cannot easily feel Avhether the patient is breathing or not

:

this could be obviated to a certain extent by leaving an opening

in the flannel and inserting a valve of some delicate and easily

movable material. The objection to Allis's inhaler is the gutta-

percha forming its investing framework : I believe that the volatile

gases given oft" by tliis material (especially when new), and inhaled

by the patient, are a frequent cause of persistent vomiting after
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the operation. At any rate, frequent vomiting is of very common

occurrence in those Avho are "new hands" at rubber factories.

This objection could be got rid of by substituting a thin sheet of

block tin for the gutta-percha.

The Risks of Chloroform, unlike ether, are immediate and

not remote, and principally concern the Heart, the Lungs, and the

Stomach. The last is only dangerous as it affects the air passages,

I mean from sickness and vomiting. One is often told that it

is most important to examine the heart carefully before giving

chloroform. This is best answered in the words of Sir Joseph

Lister—"Preliminary examination of the chest, often considered

indispensable, is quite unnecessary, and more likely to induce the

dreaded syncope, by alarming the patient', than to avert it." JSTot

only is it unnecessary but it may even do harm, as it directs the

student's attention in the wrong direction.

The Action of Cllloroform is—(1) Stimulant; (2) depressant;

and (3) if its administration be continued beyond this point, it will

cause death by the complete loss of all reiiex excitability of the

cord and medulla, the last centres to be extinguished being those

of organic life—the respiratory, cardiac, and vascular centres. The
order in which the various jDarts of the nervons system are aifected

is Very interesting. It first affects the convolutions of the cerebrum,

beginning in front and passing backwards : thus the highest centres

(psychological) are first affected, then comes the motor centres and

those of special and common sensation. The lower cerebral and

spinal centres are affected less and later; lastly, the lowest centres

of all are affected, viz., those of organic life—first, the respiratory

centre, and then those connected with the heart. These last are

not affected to any great extent until after the functions of the

higher parts (and, therefore, all voluntary muscular efforts and
ordinary sensation) are completely overpowered; it is this safe order

of invasion that gives to chloroform its great value as an anfesthetic.

During the first stage, the pupils may dilate slightly : during the

second stage, the pupil is contracted, dilating on stimulation of

afferent nerves : during the third stage (the stage of danger), the

pupils are widely dilated and fixed.

No solid food should be {Vivcn for at least four hours before tlio

operation—(1) because the patient is more easily antesthctiscd when
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the stomacli is empty ; and ( 2 ) because we avoid in this way the

special risk of vomiting under anaesthesia—viz., solid matters passing

into the glottis and choking the patient. It is a good plan, however,

to give half-an-ounce of brandy mixed with an ounce and a half of

water about half-an-hour before the operation. The chloroforraist

should not deluge his jDatieut suddenly and without warning with

the chloroform vapour, but should first converse with him for a few

minutes to gain his confidence, reassure him as to the result, and

instruct him how to breathe. This, of course, does not apply to

young children.

No single sign can be relied upon as a sure test of insensibility

;

the tests usually employed are—(1) Loss of the corneal reflex

;

(2) relaxation of voluntary muscular action; (3) local insensibility

of the part to be ojjerated upon: the Surgeon tries this by gently

pricking the part with the point of his knife. The corneal reflex

may be lost and yet the part to be operated upon be widely awake,

.especially if in the neighbourhood of the anus and rectum, the

penis and perineum; or, again, the part to be operated upon may
bt5 completely insensible while the corneal reflex is stiU active.

The Risks from the Heart are fortunately rare, because as a

rule, in man, the respiration stops before the heart has ceased to

beat. It may, however, fail in one of two ways— either by sudden

syncope, or gradual dying out. The sudden failure is probably due

in most cases to the fact that the patient is not sufficiently under

to abAish all reflex action when the operation is begun; hence, the

sudden shock, produced by division of the cutaneous structures,

reaches the medulla and there stimulates tlie cardio -inhibitory

centre, and at once brings the heart to a stand-still in diastole.

If this be the correct explanation, then the proper way to prevent

it is to see that the patient is deeply under when the operation is

commenced. For the same purpose, it has also been recommended

that a mixture of atropia and morphia (one-sixtieth of a grain of

atropia, and one-sixth of a grain of morphia) should be given

subcutaneously a short time before the operation, as tlie patient

then not only requires less chloroform (from the narcotic effect

of the morphia), but the atropia paralyses the whole inhibitory

mechanism, and thus prevents, it is asserted, the passage of in-

liibitory impulses from the medulla to the heart. I am not at all
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sure about this, but in any case it certainly can do no barm and
may possibly do some good; it is stated, however, that it predisposes

to after sickness. It will certainly do harm,. if the chloroformist

thinks that, because it is used, he need not therefore be quite so

very careful in giving the chloroform ; Avhatever is given, he must
never relax his vigilance for one moment, but must regard every

case as dangerous, and use all possible precautions to prevent

accidents. Usually the respirations cease before the heart; but

sometimes the heart ceases before the respirations, as it does,

normally, in the dog.

The operation of tooth-pulling seems to be a specially frequent

cause of sudden death under chloroform. This may arise from
various causes—(1) The patient not being deeply enough under
when the operation is commenced, and the pain produced causing

sudden reflex inhibition of the heart. There can be no doubt that

the large sensory root of the fifth nerve has intimate and extensive

relations with the medulla oblongata and with the cardiac and
respiratory centres there situated. If this be so, care should be
taken that the patient is deeply under before the forceps is in-

troduced. The temptation is merely to give them a whiif just to

deaden sensation a little, but nothing could be more dangerous than
this

: it must be deeinly, or not at all. It would probably also be
advantageous to give the patient ten to fifteen grains of butyl-

chloral hydrate a little while before beginning the operation, as

this substance specially paralyses tlie sensory part of the fifth n^rve, ;

producing anaisthesia of the parts supplied by it, before general •>

an«3sthesia is produced. (2) The tongue may fall back. This
is specially apt to happen when pulling the posterior molarsji as

the forceps itself may j)usli it back. For this emergency, hayp'the
toothed artery forceps ready, and pull the tongue forward at once.

(3) The tooth or the gag may loosen and fall back, causing sudden
spasm of the glottis. In all cases, see that the patient maintains
the recumbent 2ioshire, as, otherwise, syncope may occur and induce
cardiac failure.

The Risks from Respiration.—It may be arrested while the
lieart is still beating, and this may take place cither suddenly or

•

more slowly. The aloio stoppage is probably duo to the toxic

effects of the chloroform on the respiratory centre, Avliile the sudden
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is usually from falling tack of the tongue, or paralysis and adhesion

of the vocal cords in such a way as to make inspiration impossible,

but yet allow of expiration—ivom. the slightly oblique position of

the cords in the vertical direction. In this condition, the move-

ments of the chest are apt to mislead the unwary, as it is heaving

vigorously, and yet no air is entering the windpipe. Tor the

respiratory dangers of this class, the best treatment is to see that

the tongue is pulled well forwards, and the vocal cords separated,

and then use artificial respiration (Sylvester's Method). If this

is not sufficient, then perform laryngotomy, and forcibly blow air

into the lungs, as they have stopped in fuU expiration, and after

this use artificial respiration.

But the respiratory process may be affected in another way

—

asphyxia from vomited matters or blood. To avoid this, see that

the patient has had no food for some hours before the operation, so

that the stomach is empty, and operate in such a way or with such

precautions that no blood can pass through the chink of the glottis.

There is reason to believe, as Lister, I think, points out, thaf

sickness is often induced by administering the chloroform by fits

and starts—allowing the patient almost to recover consciousness,

and then to suddenly give him a great gust of the vapour. At

any rate, sickness is most common when the patient is half

under, whether it be just as he is going under at first, or that

he is allowed to partially regain consciousness dimng the progress

of the operation.
^^ c 3

Children are peculiarly favourable subjects for chloroform, and

it is best to suffocate them at once, unless they can be coaxed into

takin" it. There is absolutely no danger in so doing. This has

been "explained on physiological principles, but I am inchned to

think that it does not depend so much on physiological as upon

psychological causes. The chUd truly takes no thought for its lif6,

but the adult is careful and troubled about many thmgs: m this

respect, the child has chosen the better part. I

In the Adult, give gently and sloAvly at first with a free supply

of atmospheric air; and should there be much struggling, remove

the chloroform altogether, and allow hun to take a good breatli or

two, and probably before he feels in need of another such breath

he iill have passed quietly under. Let me also give a single hint



Surgical, Medical, and Operative. 49

to tliose "vvho are ever ready to pin the struggling patient to the

operating table—do not grasp the patient's wrists and legs as if

you had a mad bull by the horns; do not fight 'with him, but let

him grasp your hand, and all that Avill then be required will be

simply to direct his movements and not to forcibly restrain them.

A person under chloroform is like a drunk man—the more yon

try to resist him, the more he fights. In all cases, there should,

as far as possible, be perfect quiet round about the patient until

he is under.

Alcoholics are specially bad subjects for cHoroform, and require

special watcbing and care. At first the struggling is great, and

then, almost before one is aware of it, they pass suddenly and

deeply under, and are in great danger of paralysis of the heart or

respiration from over-dose; and yet, if the chloroform is withdraAvn,

they rapidly regain consciousness.

In aU cases, watch the breathing above everytliing else, and sec

that air is entering the chest. There are two danger signals, as a

rule, before the case becomes very serious—(1) Snoring respirations

—this is due to vibration, and probably paralysis of the velum
palati; and is the signal, in most cases, to remove the chloroform

for a time. (2) Laryngeal stertor or stridor, from paralysis of the

vocal cords, and whicb then flap together like a reversed V, and
make the entrance of air almost impossible. This is the signal of

real danger, and requires active treatment—stop the chloroform,

pull forward the tongue, and, if necessary, put a finger down and
separate the cords, and then artificial respiration. The chloroformist

must be prepared to give all his attention to his own duty. One
of the "most annoybg sights I know is to see the chloroformist

staring inanely at what the operator is doing, or else gazing up
at the crowded benches of the operating theatre, just as if he
meant to say to the other students, "Am not I a great manT'
or "Wouldn't you like to be me?"—perhaps at the very moment
when the life of the patient committed to his care is wavering in

the balance. The patient's mouth should, if possible, be turned

away from the part being operated upon.

I will noAV give a short 7-f'stmie of the points that must be always

kept in mind by the chlcn'oformist under three heads, after tlie

manner of railway signals :

—

J)
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I.—WHITE ( = right).

1. "When the chloroformist gives all his attention to his duty.

Before beginning he ought to see that the patient has nothing

movable in his mouth, as false teeth, sweets, etc.

2. AVhen he has a toothed artery forceps handy—usually attached

to the left lapel of his coat.

3. When muscular relaxation is complete, and the reflexes of

the conjunctiva and the part to lie operated iipon are abolished:

this is determined by gently pricking the part.

4. When the heart is beating regularly.

5. When air enters the chest easily.

6. When there is neither snoring nor stertor.

7. When there is an absence of extreme pallor or marked
blueness of the face.

8. Have ether, and brandy, and capsules of nitrite of amyl,

always at hand; and a hypodermic syringe full of ether and ready

to inject subcutaneously at a moment's notice.

Above everything, AA'atch the patient's breathing. For this

purpose, the tips of the fingers of one hand may be laid on the

synipliysis menti, with the palm a little distance above the luouth

and nostrils, so that you may be able to feel whether the patient

breathes or not, as the mere heaving of the chest is not a trust-

worthy guide. Use especial care and precaution in the case of

alcoholics. See that the patient is deeply under, during incisions

through the skin and in cutting large nerves.

II.—GREEN (= proceed cautiously).

1. When snoring (= vibration of the velum palati) accompanies

the respirations. Eemove the chloroform for a little, and be ready

to pull forward the tongue by the toothed forceps. In these cases

it is often advised that the chin be tilted upward, but this is of

no use at all as it does not puU forward the tongue—the lower jaw

is simply jammed against the upper. The proper plan is to place

the thumbs half-an-inch or so above the angles of the lower jaw

mflimsh; in this way the chin is pushed forward, and with it the

genio-hyoid, and it in turn pulls forward the base of the tongue.

Dr Howard denies that traction of the tongue can raise the

epiglottis, but states that " the new and only way " to ensure a
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clear air-way to the lungs is by sufficient extension (or ratlier over-

extension) of the head and neck, over the end, say, of the operating

tahle, at the same time tilting up the chin as far as possible.

2. When vomiting is threatened. This may very often be

warded off by giving more chloroform.

3. When there are signs of cardiac failure. If so, stop the chloro-

form and use ether instead, and also inject ether subcutaneously.

Ill—RED ( = danger: stop),

1. When there is sterterous or stridulous breathing:—This is

laryngeal in its cause and is probably due to paralysis of the vocal

cords
J
this allows them to flap together, as I have already explained,

and effectually prevents the ingress of air. For this, stop the

chloroform, pull the tongue well forwards, and if necessary pass

finger down to and separate vocal cords, and raise the epiglottis,

and then use artificial resj)iration ; or laryngotoiny and forcible

inflation may be used as the lungs stop in expiration. Ether may
also be injected si;bcutanoously.

2. When he vomits turn him at once on his side, and let the

head hang low so that the vomited matters may pass out easily,

and not pass into or through the chink of the glottis.

3! At whatever stage, when- there is much struggling, the danger

is very great. Such patients are often alcoholic, and during the

straggle, especially when held forcibly down, the muscles being

all contracted, prevent the outflow of blood from the aorta and thus

over-fill the left ventricle leading to its paralysis; further, the blood

is insufficiently asrated, and at the same time the deep inspiratory

gasps. the patient takes, quicldy leads to over-filling of the lungs

with the vapour, and rapid poisoning of the patient follows. In

such cases remove the cloth for a little, and let him get the lungs

well filled with air, guide but do not forcibly control his struggles,

but keep his head down. Under Red, therefore, note these three

points:—Laryngeal stridor, vomiting, and struggling.

Allow the patient to sleep cpietly in bed till the effect of tho

narcotic passes off; do not adopt the disgusting practice of slapping

the patient's brow with the palm of the hand or tapping with tho

linger nails in order to bring 'him to; all you have got to do is to

remain beside him till he returns to consciousness.
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In concluding this section let me enumerate the chief risks or

modes of death:

—

THE HEART.

1. Failure may be induced by the fainting or syncope induced

by or accompanying vomiting; this is most likely to occur when
the patient is but half under, or should he suddenly assume the

upright position; it may also be caused by fatty heart occasionally,

or be the result of a prolonged operation. The face is very pale,

and in such cases the head should be lowered or even allowed to

hang over the end of the table; the vapour of nitrite of amyl may
be inhaled and ether injected subcutaneously.

2. Tlie heart may fail suddenly from reflex inhibition. To

avoid this see that the patient is deeply under, or atropia may
be injected previously.

3. It may gradually fail from overdose of chloroform, the med-

ullary centres .and the intrinsic ganglia being gradually poisoned.

4. Sudden failure before the resjOTations have ceased, without

evident cause ("primary failure"). This form is fortunately rare,

but when it does occur little can be done. Treat the case as one

of asystole—inject ether, brandy, or digitalis; inhale amyl nitrite,

and keep up artificial respiration. •

THE RESPIRATION.

1. It may be interrupted by falling back of the tongue.

2. It may be stopped by the glottis closing; this is usually

preceded by snoring, stertor, or stridor.

3. It may stop slowly from overdose of chloroform, the respira-

tions gradually dying away, the centres being slowly poisoned.

4. The glottis may be blocked up or tlu-own into spasm by the

entrance of vomited matters.

Note.— (1) That the chest may be heaving vigorously and yet

no air enter, as the tongue may have fallen back, or the glottis

closed. (2) That air may be expired and yet none be inspired, as

the glottis may flap together in such a way as to prevent inspira-

tion, but yet allow of a certain amount of expiration.
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We may also look at this question from another point of view :

the continuance of life depends on the proper and regulated action

of the heart, the lungs, and the brain. These 'three organs there-

fore form the tripod of life, and arrest of the functions of any one

of them very speedily leads to the arrest of the others, so that

either of the three may be the primary cause of death. Thus death

may (1) begin at the heart in those rare cases of sudden and
primary failure without recognisable cause, in cases of syncope, and
in paralysis from over-tilling. (2) Death may begin at the lungs

from some impediment to the entrance of air, as falling back of

the tongue, closing of the glottis from paralysis, or spasm of the

glottis from the entrance of vomited matters or blood. ( 3 ) Death
may begin at the brain from over-dose, gradually poisoning the

respiratory and cardiac centres, or from a sudden stimulation of

the inhibitory centre bringing the heart to a stand-still in diastole;

a similar condition may also be caused by strong mental emotions.

In syncope, the brain is only affected secondarily, because, as the

heart has stoi^ped or is very weak, it is deprived of its proper

supply of blood.

INNOMINATE ARTERY.
This artery has also been named Brachio- Cephalic, from its

being distributed to the arm and head. Aneurism of this vessel

is extremely difficult to diagnose with certainty, as indeed are all

aneurisms at the root of the neck. Many cases diagnosed as

aneurism of the innominate during hfe, have been discovered after

death, by the more perfect light of the post-mortem room, to be
aneurism of the arch of the aorta. Aneurism of the innominate
forms a pulsating swelling behind the sternum, or perhaps more
frequently situated on the tracheal side of the right sterno-mastoid
muscle, filling up the episternal notch, and giving rise to certain

special symptoms, chiefly from pressure of the tumour on neigh-
bouring structures. (1) Tiie pulse on the affected side is small,

feeble, and delayed, and so is the pulsation in the right carotid.

(2) The superficial veins of the right side of the neck and face, and
of the right ann, are enlargedj and hence the oedema of the riglit

eyelid and arm. (.3) There are dull acliing pains (or they may be
sharp and shooting) from pressure on, and irritation of, tlie cervical
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:

and bracliial nervous plexuses. (4) Dyspnoea from pressure on tlie

right recurrent laryngeal nerve, or by direct compression of the

trachea. (5) Difficulty in swallowing, which usually. occurs after

the dyspnoea, as the nerve is first affected. (G) If the cervical

sympathetic be irritated there will be dilatation of the pupU of the

affected side
;
but, if it be completely paralysed, the pupil on that

side will be contracted and there may be sweating and redness

of that side of the face and neck. The same remark applies to

aneurism of the common carotid.

Origin.—From the right side of the transverse part of the arch

of the aorta at a point corresponding to the middle of the manu-

brium sterui. Extent.—From the above point upwards and to the

right, to tlie posterior aspect of the right sterno-claviciUar articula-

tion and lower cervical region, where it bifurcates into the right

subclavian and right common carotid. Its entire length is from

li to 2 inches. Course.—Upwards and to the right, behind the

first piece of the sternum. Its most important Relations are:—In

front— (1) The first piece of the sternum. (2) Lower part of the

sterno-mastoid, sterno-hyoid, and sterno-thyroid muscles. (3) It is

crossed by the left innominate vein, and there is also a network of

thyroid veins in front of it, embedded in the loose cellular tissue.

On its rujlit side— (1) The right innominate vein; (2) vagus;

(3) phrenic; (4) inferior cardiac of right vagus; (5) pleura. On

its left side, the left common carotid. Beliind— (1) Trachea, at

lower part ; (2) pleura and apex of the right lung.

THE OPERATION.

In ligature of this vessel the patient should be in an easy

recumbent posture, with the shoulders raised, the head thrown

-J^tik and turned towards the left shoulder; the right arm should be

well drawn down and adducted. The Surgeon should either stand

in front of, or facing, the right shoulder.

Superficial Guide to the Vessel.— It lies just behind the right

sterno-clavicular articidation. Incision.—The incision should be

V-shaped, First make an incision about two inches long over the

inner part of the clavicle aud sterno-clavicular articulation to the
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sternum; another, two or three inches in length, along the inner

horder of the right sterno-mastoid muscle, meeting the other at the

sternum at an, acute angle. By these incisions we divide— (1) Sldn

;

(2) platysma and fascia; (3) sternal head and inner part of the

clavicular head of the sterno-mastoid, which may be divided on a

director. These are thrown upwards and outwards, and then we

cut through—(4) sterno-hyoid ; and (5) the sterno-thyroid. Before

dividing the sterno-hyoid, locjk out for the anterior jugular vein,

which lies on this muscle, covered by the sterno-mastoid. The

head is now drawn well back in order to draw up the artery into

the neck as much as possible, the left innominate vein, which

crosses the artery, being fixed by its relations to the right in-

nominate vein and the superior vena cava, does not rise with

the artery.

Deep Guide to the Vessel.—Trace down the common carotid

with the finger till the bifurcation of the innominate artery can be

distinctly felt; then (6) draw the inferior thyroid veins carefully

to one side, clear the vessel with the finger and director from the

surrounding cellular tissue, and, ligature, taking care not to wound

the pleura; the needle is passed from the outer side in order to

avoid the right innominate vein and right pneumo-gastric nerve,

and 'in passing it be careful to keep its point close to the artery,

in order to avoid wounding the pleura covering the apex of the

riglit lung. The veins are the great trouble in this operation, as

they become turgid, and obscure the various steps of the operation:

there is also the risk of entrance of air should they happen to be

wounded.
I r

RESUME of the chief steps in this operation :

—

1. Make the V-shaped incision and divide the integumentary

structures.

2. Divide the whole, or part, of the sterno-mastoid on a

director.

3. Secure anterior jugular vein.

4. Divide both sterno-hyoid and sterno-thyroid.

5. Draw the head well back, follow down common carotid,

and turn inferior thyroid veins, fat and -glands, to

one side.

G, Clear the vessel and pass tlic needle from the outer side.
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The Collateral Circulation is practically the same as in ligature

of the common carotid, added to that of ligature of the right

subclavian (see Fig. 12).

PECULIARITIES.—As a rule, the innominate gives off no

branch; but occasionally a small branch, the thyroidea ivia, arises

from it and runs up in front of the trachea to the thyroid body:

further, it is by no means an uncommon arrangement to find the

left common carotid joined with the innominate artery at its origin.

In some cases there is no innominate artery, the right subclavian

arising directly from the arch of the aorta
;
hence, the imjiortance

and necessity of the " deep guide," viz., to trace do^vn the common
carotid with the finger till the bifurcation of the innominate artery

is distinethj feli. Occasionally, its point of division is considerably

above the . sterno-clavicular articulation; less frequently, it divides

below that point. When the aorta, as in birds, is a " right aorta,"

the innominate artery is on the left side of the neck instead of the

right side. It will also be on the left side in cases of the rare

congenital malformation of ^^transposition" of the thoracic viscera,

when everything, as it were, lies on the wrong side.

Ligature of the innominate is not a successful operation, and can

hardly be regarded as justifiable, and is now practically abandoned.

In a large proportion of cases (one-fifth of all) the operation has had

to be abandoned, on account of unforeseen difficulties, discovered

only during its progress. To render the passing of the ligature

more easy and certain, the inner end of the clavicle and the u^jper

part of the sternum has been removed by Cooper of San Francisco.

It has also been proposed to ligature the vessel through a treijhine

hole in the manubrium sterni, just over the vessel.

It is scarcely necessary to remind the reader that there is but

one innominate artery (though there are two innominate veins), and

that it is on the right side. It does not look well M'hen a student

rises from the examination table and asks the examiner on tvhicli

side ho wishes the artery tied. It is apt to raise a suspicion

in that gentleman's mind, which is likely to be noted for future

verification, that the student must have forgotten his anatomy

considerably. It is specially awkward to make such, a mistake

at mch a time; for, if ever a student's words ought tp be few and

well chosen, it is at an examination.
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TREATMENT OF INNOMINATE ANEURISM.
Eor the treatment of innominate aneurism, yarious methods are

adopted. All operative measures have, as yet, been very unsuccess-

ful, the patients usually dying in a short time after the operation

from secondary htemorrhage, inflammation and gangrene of the

lung, or inflammation of the pleura; and, in aU probability, death

has in most cases only been hastened by the operation. "We have

—

(1) Medicinal and dietetic treatment—the most trustworthy and
safest method. (2) Ligature of the innominate artery itself

—

usually of little use, and only hastens death. It can only, by any
possibility, be successful if the artery is healthy and the aneurism

limited. In tubular aneurism, where the coats are diseased, it is

worse than useless, as the diseased artery gives way in a few
hours under the pressure of the ligature, with fatal hasmorrhage.

(3) Ligature on the distal side of the aneurism (Wardeop). We
may tie—(a) the subclavian alone; {h) the carotid alone; (c) both
arteries, either simultaneously, or tie the carotid first and then the

subclavian, after a longer or shorter interval—should the patient

be fortunate enough to survive the first operation. It is probably,

better to tie both branches at once, as this gives the best results,

and is not a more serious operation. Mr Heath has had one
successful case, where he tied the common carotid and the third

part of the subclavian simultaneously in 1865—the woman lived

for four years. Excluding Mr Heath's case, and one or two
other more recent cases of a similar nature, neither of these

methods have been followed by any marked success, on account of

the disturbance on the cardiac side of tlie ligature, which renders
the probability of consolidation taking place in the sac all but
hopeless; and, besides, the ligature is applied so close to the
aneurism that the coats at the point of application are almost
certainly diseased—the danger, therefore, of secondary hfemorrhago
is very great. (4) Introduction offoreign bodies into the sac, such
as line iron wire, horse-hair, or catgut, through a fine canula or

hollow needle, after the manner of Loreta. Mr Annandale has
suggested that the artery be compressed through a central incision,

as in low tracheotomy, by inserting the finger behind the artery,

and compressing it against the sternum.
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CHAPTER. YI.

SUBCLAVIAN ARTERY.

Origin.—On tlie riglxt side from the branching of. the innominate

artery behind the sterno- clavicular articulation. On the left side

directly from the arch of the aorta. Extent (in neck).—From the

steruo-clavicular articulation, or opposite the interval between the

two heads of the sterno-mastoid, to the lower border of the first rib.

It is divided into three parts by the scalenus anticus muscle—

a

part internal to (first part); a part behind (second part); and a part

external to that muscle (third part). Course.—It crosses the lower

part of the neck, taking an arched course over the apex of the

.pleura and first rib, passing between the anterior and middle scaleni

muscles, and ends opposite the middle of the clavicle. It usually

rises about one inch above the clavicle. The right subclavian is

about three inches long, the left is one inch longer.

EIGHT SUBCLAVIAN.—First Part.

This part extends from the right stemo-clavicular articulation to

the inner edge of the scalenus anticus muscle. An aneurism of the

first part of the subclavian usually presents as a pulsating tumour

external to the sterno-mastoid muscle, more or less elongated trans-

versely, with bruit propagated into tlia axilla, which is unaltered

when the common carotid is compressed. The right side is more

frequently affected in the proportion of three to one, probably

because the right arm is more used than the left. Relations.

—

In

Pont— {I) Skin and superficial fascia; (2) platysma; (3) deep

"fascia; (4) three muscles—sterno-mastoid, sterno-hyoid, and sterno-

thyroid; (5) three veins—internal jugular, vertebral, and anterior

jugular; (6) three nerves—vagus, branches of sympathetic (cardiac,

and ansaj Vieusenii), and phrenic (the phrenic is always in front



Surgical, Medical, and Operative. 59

on the left side, and very often on the right side too, but usually

close to the inner edge of the scalenus). Behind—(1) Longus colli

muscle separated from it by loose connective tissue, in which Ave

find three nerves— the gangliated cord of the sympathetic, the

recurrent laryngeal, and the cervical cardiac branch of the vagus.

Beloio is the pleura and the recurrent laryngeal nerve. Ahove,

there is nothing Avorth noting.

There are several grave objections to the ligature of this part of

the subclavian— (1) Its great depth. (2) Its complicated relations

;

for these two reasons its ligature is one of the most difficult and

serious operations in surgery. (3) Its shortness and the number of

branches it gives off ; it is only about one inch and a half in length,

and gives off three large branches, so that its ligature is almost cer-

tain to be followed by fatal secondary haemorrhage when the ligature

separates. (4) "When tied for spontaneous aneurism there is always

the serious risk of the coats of the artery being diseased, so that

they are unable to bear the ligature. (5) The disturbance both on

the cardiats and disbal side of the ligature render the formation of a

sufficient coagulum all but hopeless. On the cardiac side there is

the onward rush of blood in the innominate artery, and on the

distal side there is the regurgitant stream through the vertebral,

thyroid axis, internal mammary and superior intercostal. In almost

every recorded case in which this operation has been performed, the

patient has been carried off by fatal secondary hasmorrhage from

the distal side, on the separation of the ligature, on account of the

presence of these large branches.

THE OPERATION.

In ligaturing the first part, the patient should be in an easy

recumbent posture, with the shoulder depressed, tlie head thrown

back, and the face turned to the opposite side; the Surgeon should

stand in front of the shoulder on which he is about to operate, and

the corresponding arm should be well pulled down and placed close

to tlie patient's side. An incision should be made transversely

over the origin (sternal and clavicular) of the sterno-cleido-mastoid,

and another, two or three inches in length, along the inner border

of the same muscle, meeting' the first incision at an acute angle.

The V-shaped Hap thus marked out, consisting of integument with
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the platysma and deep fascia, is then turned, upwards and outwards.

The sternal head of the sterno-mastoid, and part or wliole of the

clavicular head, is next divided on a director and turned outwards.

Avoid the anterior jugular vein and its communications, and divide

the sterno-hyoid and sterno-thyroid muscles in the same manner.

Carefully separate the cellular tissue with the handle of tlie scalpel

or the finger-nail, when the artery, with the internal jugular vein,

wiU be brought into view. At the lower part of the wound the

internal jugular vein inclines away from the artery, leaving the

pneumo-gastric nerve visible. The proper point for the application

of the ligature is in the space between the vagus and the recurrent

laryngeal nerve on the inner side, and the thyroid axis, phrenic

nerve, internal jugidar vein, and cardiac nerves on the outer side.

The deep guide for the ligature of this vessel is to trace down the

carotid to the bifurcation of the innominate, and then the subclavian

artery is to be followed outwards till the vagus nerve is recognised

by the finger. The internal jugular vein is pressed out of the way,

and the nerves drawn aside in the direction indicated, the vessel

cleared with the finger and director, and the needle passed from

below upwards, but in doing so be careful not to injure the pleura

or the right innominate vein, or include the vagus nerve. The

subclavian vein is in front of the artery, and on a much lower level,

being under cover of the clavicle and subclavius muscle, so that it

is not likely to give auy trouble during the operation. Occasionally,

however, it rises in the neck as high as the artery, and in two cases

it has been found accompanying the artery behind the scalenus

anticus muscle.

LEFT SUBCLAVIAN.-^First Part.

This vessel arises from the end of the transverse part of the

arch of the aorta, opposite the middle of the first piece of the

sternum, and extends to the inner edge of the scalenus anticus.

It differs from the right in being—(1) Much longer; (2) more

deeply placed; (3) it ascends almost vertically upwards from its

point of origin to its termination. Relations.—In Jroni—(1) Left

pleura and lung; (2) left internal jugular and innominate veins;

(3) the same three muscles as on right side—sterno-mastoid, sterno-

thyroid, and stcrno-hyoid; (4) the same three nerves as on the
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right side—pneumo-gastric, cardiac, and phrenic. It lies on a

plane posterior to the left common carotid. Behind— It lies on
—(1) The oesophagus

J (2) thoracic duct; (3) sympathetic and
cervical cardiac branches of vagus; (4) .longus colli muscle. To
the inner side—(1) The oesophagus; (2) trachea; (3) thoracic duct.

To the outer side, pleura and lung. It is generally taught that

the relations of this part are too complicated to admit of ligature.

Should it he found necessary to do so, the incision and the steps

of the operation resemble the ligature of the corresponding part

on the right side, but gi-eat care is necessary to avoid injury to the

pleura and thoracic duct.

Collateral Circulation (Fig. 12).—When the first part is tied

the following vessels re-establish the circulation:— 1. The superior

intercostal (18) anastomosing with the aortic intercostals (30) and
internal mammary (31). 2. The inferior thyroid anastomosing with
the superior thyroid (10). 3. By the inosculations of the vertebrals

through the circle of Willis (1). 4. Internal mammary (29) ana.sto-

mosing with the deep epigastric (28) and aortic intercostals (30).

5. The thoracic branches of the axillary (21, 26) anastomosing
with the aortic intercostals (30). 6. The princeps cervicis (6) of

occipital anastomosing with the profunda cervicis (11) from sub-

clavian. 7. Branches from the thyroid axis going to the scapula

(14, 15), anastomosing with the thoracics of the axillary (17, 21, 26),
and throngh them with the aortic intercostals (30).

SECOND PART OF SUBCLAVIAN.—Right and Left.

Tliis part of the artery lies beneath the scalenus anticus muscle,
and is the shortest and highest of the three divisions. It may be
tied in this situation, but it is necessarily a dangerous and difRcult

operation.—(1) On account of the depth of the vessel. (2) Its

close relations to the phrenic nerve, transversalis coUi and supra-
scapular arteries; and (3) because it rests on the pleura and first

dorsal nerve. On the right side it gives off one branch, the superior
intercostal, and this is likely to interfere with the formation of a
proper clot; on the left side it usually gives off no In-anch, tlio

superior intercostal arising from the first part, on the left side.

Relations.—In front—{I) Sldn, fascia, and platysma; (2) stcrno-

mastoid; (3) branches of thyroid axis (transversalis colli and supra-
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Fig. 12.

Collateral Circulation of the Head and Neck.

(After Smith and Walsham.)
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Explanation of Fig. 12.

A. Aorta. B. Innominate Artery.

1. Circle of Willis, formed by the posterior cerebrals from the

basilar, and the anterior cerebrals from the internal carotids,

connected together by the anterior and posterior communicating
branches.

2. Basilar arteiy, formed by the union of the two vertebrals.

3. Occipital artery, from the external carotid.

4. To represent the anastomoses between the corresponding

branches of the two external carotids—viz., facial with facial,

lingual with lingual, temporals with temporals, and occipital with
occipital.

5. External carotid. 6. Princeps cervicis, from occipital.

7. Anastomoses between the princeps cervicis, vertebral and
profunda cervicis in the region of the sirb-occi'pital triangle.

8. Vertebral, from the subclavian. 9. Common carotid.

10. Anastomoses between the two superior and the two inferior

tliyroids in tlie region of the thyroid gland.

11. Profunda cervicis, from the superior intercostal.

. 12. -Transversalis colli. 13. Its sui)crficial cervical branch.

14. Posterior scapular artery, one of the divisions of "the. trans

-

yersalis colli branch of thyroid axis ; the otlu3r division is called

the superficial cervical, and enters the trapezhis.

.
15. Supra-scapxilar artery from the thyroid axis, anastomosing

with tlie subscapular from the axillary. 16. Subclavian artery.

17. Thoracic axis, from the axillary anastomosing with the
supra-scapular and posterior circumflex.

18. Superior intercostal, anastomosing witli tlic internal niam-
maiy and the aortic iutercostals.

19. The first rib. 20. Axillary artery.

21. Superior or short thoracic, anastomosing with the internal

niammfyfy.

22. Posterior circumflex, anastomosing with the thoracic axis

and the subscapular.

23. Anastomosis between tlie supra-scapular and the subscapular.

24. Anastomoses lietwcen the posterior scapular and the siib-

scapular. 25. Subscapular artery.

26 and 27. Long thoracic, anastomoshig with tlie internal mam-
mary and tlie aortic iutercostals.

28. Deep epigastric from the external iliac.

29. Internal mammary. 30. Aortic iutercostals.

31. Anastomoses between tl;c internal mammary and the superior

intercostal. 32. External iliac.
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scapular); (4) phrenic nerve; (5) scalenus anticus muscle; (6) the

subclavian vein is separated from the artery by the scalenus anticus,

and is on a much lower level as a rule. Behind—(1) Pleura;

(2) middle scalenus; (3) first dorsal nerve. Ahove, we have the

brachial plexus, while beloio it rests on the pleura. Should it be

necessary to tie this part, the vessel may be reached by means of

the following incisions—a transverse one over the clavicular head

of the sterno-mastoid, from two to three inches, in length, and a

vertical one about two inches long, rather external to the outer

border of the sterno-mastoid, meeting the former at an acute angle;

the position of the Surgeon and patient are the sani§ as for ligature

of the first part. The flap thus mapped out, consisting of the integu-

ment platysma and deep fascia, is raised upwards and inwards,

and the external jugular vein drawn outwards, if necessary; the

clavicular head of the sterno-mastoid is then divided from with-

out inwards, on a director, in order to expose the scalenus anticus.

Lying on this muscle the following structures will very likely be

seen—(a) the internal jugular vein along its inner border; {h) the

transversalis colli and supra-scapular arteries, and the anterior

jugular vein; (c) the phrenic nerve; {d) in some cases also the

external jugular vein along its outer border. These structures

must be drawn aside in the most convenient manner and carefully

guarded from injury. A director is next pushed under the outer

edge of the scalenus anticus, which is then to be cautiously divided

for a half or two-thirds of its extent when it retracts sufficiently to

bring the artery into view, and after carefully clearing the vessel

the aneurism needle is passed from below upAvards. As a guide to

the position of the scalenus anticus it is usefid to remember that

the outer edge of the sterno-mastoid almost corresponds to the

outer edge of that muscle, though the scalenus is slightly external,

and the external jugular vein often rests on the uncovered part.

iq-QTE. (1) In dividing the scalenus anticus special care must

be taken to avoid cutting or bruising the phrenic nerve, which lies

on its anterior surface, inclining obliquely towards its inner border.

Two cases are mentioned by Erichsen, one in which the phrenic

nerve was divided, and the patient died on the eighth day, of

pneumonia; in the other case, incessant hiccough followed the

operation, and after death the phrenic nerve was found reddened



Surgical, Medical, and Operative. Go

and inflamed, having probably in some way been interfered with
during the exposure of the vessel. (2) The transversalis colH and
supra-scapular arteries also lie superficial to the scalenus anticus,
and must be carefully preserved from injury, as they play a very
important part in the collateral circulation : both these vessels run
parallel with the clavicle, the supra-scapular being behind it, and
tlie transversalis colli just above it. (.3) The confluence of the
internal jugular and subclavian veins is also commonly in front of
the scalenus anticus. (4) On the left side the thoracic duct will
be found arching downwards in front of the scalenus anticus and
phrenic nerve. On the right side a corresponding structure, the
right lymphatic duct, may also be found, but it is usually very small.

THIRD PART OF SUBCLAVIAN. -Right and Left.

This is the part most frequently ligatured, because—(1) It is

the most superficial part; (2) it is the longest part; (3) it is usually
free from branches; (4) the first rib is interposed between it and
the pleura, and, by passing the needle as the artery lies on the
first rib, we avoid wounding the pleura, and will also usually avoid
coming into contact Avith any abnormal arterial branches—as these
usually arise close to the outer edge of the scalenus anticus. It
extends from the outer edge of the scalenus anticus muscle to the
lower border of the first rib, and is contained in a small triangular
space, the lower and smaUer of the two divisions of the posterior-
triangle, bounded by the sterno-mastoid in front, the clavicle below,
and the posterior belly of the omo-hyoid above (see Fig. 14).

Relations.—In /7-ow^—(l) Skin, superficial fascia, platysma, and
deep cervical fascia. (2) A plexus of veins formed by the external
jugular dnd its tributaries in this region, viz., supra-scapular, trans-
versalis colli, and frequently also a communication from the anterior
jugular, and another from the cephalic vein. (3) The'descending
branches of the cervical plexus of nerves. (4) Nerve to the subclavius°
(5) Clavicle and subclavius muscle. (6) The supra-scapular artery.

(7) The subclavian vein, but at a much lower level. Ahove—
(1) The cords going to form the brachial plexus. (2) The posterior
belly of tlie omo-hyoid. Beliincl—T\x^ scalenus medius. Below—
Tlie first rib, and partly also the- nerve trunk formed by tlie union
of the eighth cervical and first dorsal nerves. The same nerve cords
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Fig. 13.

Subclavian Vessels

(After Turner).

1. Tvansvoi'salis Colli.

2. Ascending Cervical.

3. Superficialis Colli.

4. Posterior Scapular.

5. Scalenus Anticus.

6. Snpra-Scapular.

7. Posterior Scapular

(occasional origin).

8. Deep Cervical.

9. Subclavian Vein.

10. Inferior Thyroid.

11. Vertebral.

12. Recurrent Laryngeal.

13. Thyroid Axis.

14. Common Carotid.

15. Internal Mammary.

16. Innominate Arteiy.

17. First Bib.

18. Supeiior Intercostal.

19. Phrenic.

20. Vagus.
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Fig. 14.

Incisions for Subclavian and Carotid- Arteries.

1. Jaw.

2. Digastric.

3. Submaxillary Triangle.

4. Omo-Hyoid.

5. Superior Carotid Triangle.

6. Inci-sion for Carotid.

7. Inferior Carotid Triangle.

13 14

8. Sterno-Mastoid.

9. Posterior Triangle (lower part).

10. Trapezius.

11. Posterior Triangle (ujiper part).

12. Subclavian Artery (thii'd ])art).

13. Incision for Subclavian.

H. Clavicle.
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also lie behind it. The artery is sometimes described as lying in the

lower part of a little triangle formed thus—internally it is bounded

by the outer margin of the scalenus anticus, and externally by the

scalenus posticus, the convergence of these two muscles forming the

apex of the triangle, the base being formed by the first rib, on which

the vessel rests (Spence). In the same triangle, above and behind

the artery, are the cords going to form the brachial plexus.

THE OPERATION.

The patient should be in the recumbent position, with his

shoulders supported by pillows, his head thrown backwards and

his face turned to the opposite side, while the arm -of the affected

side is to be depressed as much as possible so as to lessen the depth

of the wound. The Surgeon stands in front of the shoulder on

which he is to operate.

Superficial Guide.—The vessel lies beneath the most prominent

part of the clavicle, and it is important to remember that, by press-

ing the thumb or a padded key firmly downwards, inwards, and

backwards, towards the first rib, about half-an-inch to the inner

side of the middle of the clavicle, or just outside the sterno-mastoid,

the vessel may be compressed during life, and the circulation through

the upper limb entirely commanded: it is best carried out when the

arm is well drawn down. Incision.—With the inner side of the

left hand, draw down the skin over the clavicle for about one

inch, and cut along the hone for three or four inches, beginning

over' the clavicular origin of the sterno-cleido-mastoid and ending

at the trapezius (see Pig. U). Ey drawing down the skin in this

manner, one is less likely to cut the external jugular vem, which

may be'found in any part of the base of the posterior triangle, and

perforates the deep fascia about half-an-inch above the clavicle, and

is not, therefore, displaced downwards with the skin. This incision

corresponds to the midcUe third of the clavicle, or base of the

posterior triangle. In some cases, it may be advisable to make

another incision, two inches in length, along the outer edge of the

sterno-mastoid joining the former incision nearly at a right angle,

more especially in cases where the shoulder cannot be depressed—

in very fat people, or those with short thick necks. It is better,

however, not to make this incision, if possible, but rather to extend
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the first incision inwards, or even to divide a jDortion of tlic steruo-

mastoid or trapezius. Parts cut through.
—

"While the sldn is

tense over the clavicle, there is divided on the bone—(1) Skin.

(2) Superficial fascia. (3) Platysma. (4) Superficial nerves and
vessels—the nerves are the descending branches of the cervical

plexus; the vessels are chiefly the tributaries of the external jugular
vein, which, at this point, usually form a venous plexus in front
of the subclavian artery. The external jugular vein should be noAv
exposed and saved by drawing it inwards or outwards according to

circumstances; but, if too much in the way, it should be secured
by two ligatures and divided between them. This vein often lies

at the inner end of the incision, close to the edge of the sterno-

mastoid, and on the scalenus anticus. When the tension is taken
off, and the wound moved a little above the clavicle, we next
divide with care, on a director, if thought necessary, (5) the
deep fascia in the middle of the wound—that part of the cervical

fascia which binds down the posterior belly of the omo-hyoid to
the clavicle. Next, seek for the interval between the omo-hyoid
(posterior belly) and the clavicle which will probably be about an
inch in extent, but may be more or less. If the omo-hyoid presents
itself in the wound in the natural course of events, good and well

;

but, if not, it is not necessary to search for and expose it. The
knife must not be allowed to pass beneath the clavicle, lest the
subclavian vein or the supra-scapular vessels be injured. Take care
also of the transversalis colli artery, as both it and the supra-
scapidar are important agents in the collateral circulation; and,
besides, if the supra-scapular be injured, it is often difficult to
secure, from the dense fascia in this situation and its being partly
under- cover of the clavicle. Push the omo-hyoid upwards a little,

and, with the finger or the handle of the knife, scratch away any
intervening areolar tissue, with a lymphatic gland and the other
structures lying over the artery ; tlien identify, either by sight or
touch, the outer edge of the scalenus anticus muscle, and follow it

down to its insertion into the first rib. (6) The small nerve to the
subclavius muscle also crosses in front of the artery near its middle.
At first sight, the division of this small nerve may seem a matter of
little consequence; still, it is, important to remember that it very
frequently has a communication with the phrenic nerve, and may



70 Applied A natomy

:

give rise to unpleasant symptoms if it be lacerated, from the reflex

irritation and the summation of the stimuli, starting from the

lacerated point. Deep Guide to the Vessel.—Either the tubercle

on the first rib at the insertion of the scalenus anticus, ajid the

outer edge of the same muscle, when the artery will be found

immediately above and a little behind it, but covered and bound
down to the first rib by a sheath of dense cervical fascia. When
the tip of the finger touches the tubercle, the pulp of the finger

will rest on the artery (Spence); or, the three white cords going

to form the brachial plexus, seen at the outer end of the wound,
and which are placed above and a little behind the artery—the

artery being between them and the first rib. To -distinguish the

artery from a large nerve trunk on the uniujected dead body, press

the structure firmly with the finger against tire first rib, M'hen, if it

is a nerve, it Avill retain its rounded form, while the artery will

flatten out and become slightly concave. (7) Open the sheath, and

with the forceps and director clear the vessel, and pass the aneurism

needle from above, in order to avoid the nerves going to form the

brachial plexus—one of which is far more liable to be included in

the ligature than the vein is to be injured, which is to the front

of and considerably below the artery. Still, it is but right to

state that many Surgeons recommend that the ligature should be

jiassed from below upwards. The needle most suitable for passing

the ligature is " a common aneurism needle with a considerable

curve " (Bell). Some prefer the doubly-curved rectangular or helix

needles, introduced by Dupuytren, of which two are required

—

one for each side. It should be passed as low as possible, as the

vessel lies on the first rib. It is advised, in cases where it is

impossible to ligature the artery for want of space, to cut through

the clavicle, pi'ovided it does not form part of the Avail of the

aneurism. One of the principal causes of death after ligature of

the subclavian is septic inflammation, startiiig in the areolar tissue,

and spreading to the anterior mediastinum, pericardium, and pleura.

This is due to the opening up of the layers of fascia prolonged

from the neck into the thorax, and more or less fixed to the inner

side of the first rib, and partly forming a roof to the pleural cavity.

The opening up of this roof is the more likely to happen if the

artery be tied anywhere else than on the first rib. In dressing the
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wound afterwards, a drainage tube must be iised with great caution,

its free end being protected from pressure lest the other end ulcerate

its way into the artery. It must be removed in from thirty-six to

forty-eight hours.

XoTE.—(1) In thick-set, short-necked persons the artery is

usually deeply seated ; it may be below the level of the clavicle, or

but slightly above it. (2) In thin, long-necked persons its course

is usually high, and, therefore, is much more easily reached and

ligatured. (3) The clavicle in some cases is very much curved.

When this is the case, the depth of the vessel from the surface is

increased, and is therefore more difficult to ligature. An aneurism

in the axilla will produce the same effect, by raising the clavicle,

and will complicate the operation considerably, as the shoulder

cannot in this case be depressed ; a similar result may be produced

by emphysema of the lung. (4) The artery may pass in front of,

or through the anterior scalenus; the clavicular head of the sterno-

mastoid, instead of being confined in its origin to the inner third

of the posterior surface of the clavicle, may pass beyond its usual

limit outwards along the clavicle, and conceal the artery; and the

trapezius may also pass further inwards than it usually does, and

OA'erlap the vessel. In five per cent, of the cases, the omo-hyoid

arises from the middle third of the clavicle, and, therefore, covers

tbe artery. When this condition is encountered the muscle must

be divided in order to reach the vessel. (6) The posterior scapular

artery frequently, and sometimes the supra-scapular, may spring

from this part. (6) The external jugular vein should lie just

external to the sterno-mastoid
;

but, very frequently, it is more

external, and passes beneath the deep fascia just above the middle

of the clavicle, crossing the third part of the subclavian artery, and

emptying itself into the subclavian vein. While it lies over the

artery it receives the supra-scapular and transversalis colli veins,

and in this region also communicates with the anterior jugular and

cephalic veins. In this way a plexus of veins is formed in front of

the artery. If any of the large venous trunks must be cut in the

operation, a double ligature should be first applied and the vein

divided between. The subclavian vein may rise as high as the

level of the clavicle, or may lie with the artery beneath the anterior

scalenus. (7) A cord formed by the eighth cervicle and first dorsal
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nerves lies immediately Ijehind the subclavian artery—or may be
between it and the first rib—and is, therefore, specially liable to be
included in the ligature, or even to be tied instead of the artery

—

mistakes committed by several eminent Surgeons. (8) In some
cases the supra-scajjular artery is much enlarged, and has been
mistaken for the subclavian. (9) Aneurism of the transversalis

colli may simulate subclavian aneurism. (10) The artery may be
pushed forwards by a supernumerary cervical rib, or an exostosis

S])ringing from the first rib, conditions which at first sight may
simulate subclavian aneurism.

RESUME of the cliief points in this operation :

—

1. Make the incision opposite the middle tliiid of the

clavicle in the way directed.

2. Make sure of the safety and position of the external

jugular and other large veins. The external jugular

will be found by scratching through the deep fascia,

close to the clavicle, Avith the handle of the knife.

Define tlie edge of the scalenus anticus, and use the

tubercle at its insertion as guide to the vessel.

4. Make a small opening in the sheath and clear the vessel

tliorouglily.

5. Pass the needle from above.

C. Take care not to include the cord formed by the eighth

cervical and first dorsal nerves.

The anatomical guides to this operation are well marked. We
have first the outer edge of the sterno-mastoid, which guides to the

outer edge of the anterior scalene; then the anterior scalene itself,

and lastly the tubercle at its insertion into the first rib ; we have

also the cords going to form the brachial plexus.

Collateral Circulation, when the subclavian is tied in its

second and third parts (see Fig. 12)— 1. The supra-scapular (15)

from thyroid axis (first part of the subclavian) anastomosing with

the dorsalis scapulae branch of the subscapular (25) (from third part

of axillary). 2. The posterior scapular branch of the transversalis

colli (14), of thyroid axis, anastomosing with the subscapular (25)

and circumflex branches (22) of axillary. 3. Internal mammary (29)

from first part of the subclavian, the superior intercostal (18) and
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the aortic intercostals (30), anastomosing with the long and sliort

thoracics of axillary artery (26, 21), and the deep epigastric (28).
IRREGULARITIES.—The right subclavian may sj)ring as a

separate trunk from the arcli of the aorta, and when it does so, the
first part is much deeper than usual. It may pass in front of or
through the fibres of the scalenus anticus; and its point of origin

varies according to the point of bifurcation of the innominate.
When it springs directly from the arch it may be the first, second,
third, or even the fourth branch. When it is the first it occupies
the position of the innominate; when it is the second or third,

it usually passes behind the right carotid to gain its usual position

;

and when it is the last branch it may pass behind the oesophagus,
or between it and the trachea, to reach its ordinary position.

Wlien it passes in front of or behind the oesophagus, there is

a great risk of sharp foreign bodies caught in the oesophagus,
e.g., fisli bones, ulcerating through into the subclavian and causing
fatal haBmorrhage. The left subclavian is sometimes joined with the
left common carotid at its origin. An instructive case is related by
i\Ir Holmes, where, in a case of aneurism of the arch of the aorta,
the pulsation in the right carotid was normal, but the pulse at the
right- wrist was obliterated. The explanation was tliat, in this
case, the subclavian arose as the last branch from the arch, and iji

order to reach its usual position it passed between the arch and the
spine, against which the aneurism compressed and obliterated it.

Treatment of Subclavian Aneurism.— 1. Medical and dietetic,

combined with rest, etc. 2. Surgical measures; as a rule all opera-
tive measures are more or less dangerous or uncertain— («) In
aneurism of first or second parts, pressure on the vessel at the distal
side of- the tumour against the first rib may be tried; (6) in the
same condition, ligature of the third part above or below the clavicle
may be tried-Brasdor's plan, or distal ligature; (c) ligature of the
innominate, if the aneurism be limited ; and {d) or amputation at
the shoulder joint and tying the artery on the face of the stump
(Fergusson). In aneurism of the third part we may— (ci) Ligature
the first part, using ox aorta or kangaroo tail tendons, so as rather
to compress the vessel tlian to divide its coats; (h) direct pressure
on the tumour with refrigoratipn ; and (c) amputation at shoulder
joint. Other means, eijually uncertain and dangerous, such as
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galvano-puncture, manipulation, and introduction of foreign todies

have been tried.

BRANCHES OF THE SUBCLAVIAN.

OF THE FIRST PART.—I. Vertebral.—It arises from the

upper and back part of the artery, passes up behind the internal'

jugular vein, between the longus colli on the inner side, and

scalenus anticus on the outer side, to the foramen in the transverse

process of the sixth cervical vertebra; sometimes it enters as low

as the seventh, or yet again may enter as high as the fifth. The

left vertebral is usually the larger. It is crossed by the inferior

thyroid artery on both sides, and on the left side, in addition, by

the thoracic duct. In the foramen it is surrounded by a plexus of

sympathetic nerves, having its own vein in front, and the trunks

of the cervical nerves behind it. This vessel was first ligatured

by Dr Smyth of JSTew Orleans, in 1864; and, more recently, the

operation has been recommended by Dr Alexander of Liverpool,

in epilepsy.

We append Dr Smyth's description of the operation as per-

formed by himself :—" The head of the patient being thrown'

back and slightly turned to the left, an incision tM'-o inches in

length was made along the posterior border of the sterno-mastoid

muscle, commencing at the point where the external jugular vein

crosses this muscle, and terminating a little below the clavicle, the

edge of the muscle being exposed and drawn to the inner side, the

prominent anterior tubercle of the transverse process of the sixth

cervical vertebra was readily felt and taken .for a guide. Imme-

diately before this, and in a vertical line with it, lies the artery.

A layer of fascia was now divided, some loose cellular tissue, with

lymphatics, and the ascending cervical artery, were pulled to the

inner side, and a separation was made between the scalenus anticus

and longus colli muscles just below their insertion into the tubercle,

when the artery and vein became visible, the latter was drawn to

the outer side (this is important), and the needle passed around the

former, from without inwards."

In perfonning this operation care must be taken not to mistake

the inferior thyroid artery for the vertebral. Immediate contraction

of the corresponding pupil is often noticed when the vessel is tied
;



Surgical, Medical, and Operative. To

this is no doubt due to some interference with the symj^athetic

filaments on their way to supply the dilator pupillaj. Wounds of

the vertebral are very often mistaken for wounds of the common
carotid, because pressure hdow the level of the ." carotid tubercle

"

arrests the flow through both vessels, and therefore arrests the

bleeding from the wound, and has led in many cases to the ligature

of the carotid, whereas the vertebral was the vessel at fault.

Above the upper border of the axis the artery passes outwards
and upwards to reach the foramen in the transverse process of the

atlas; after passing through this it lies in a deep groove on the

upper surface of the posterior arch of this bone (see " Sub-occipital

Triangle"), pierces the posterior occipito-atloid ligament and dura

mater, enters the skull through the foramen magnum, -n-inds round
the medulla to its anterior aspect, and, at the lower border of the

pons, unites with the vessel of tlie opposite side to form the basilar.

In the groove on the posterior arch of the atlas the suh-occipital

nerve lies beneath it, and in the skull it lies between the hypo-

glossal and the anterior root of the first cervical nerve.

On the, left side the operation is more difficult and dangerous

than on the right, on account of the presence of the thoracic duct.

This structure rises in the neck as high as the sixth cervical

vertebra, passing outwards leldnd the internal jugular vein and
lying 011 the vertebral artery and vein (or very frequently between
them) the anterior scalene, the supra-scapular and transversalis

colli arteries, and phrenic nerve. It then curves downwards and
inwards to enter the left subclavian vein at its junction with tlie

left internal jugular.

Note.—(1) The jDrominent anterior tubercle of the transverse

process of the sixth cervical vertebra is known as the ''carotid

tubercle." of Chassaignac, and by some Surgeons is used as the

"deep" guide in ligature of the common carotid artery as well as in

ligature of the vertebral ; it is also, in Dr Drobeck's method, used
as the guide for the inferior thyroid; the artery arches upwards
round this process, and is about one inch above it. It is about two
inches above the clavicle, or on a level with the cricoid cartilage.

(2) The sub- occijntcd nerve is the undivided posterior primary

division of the first cervical nerve. This nerve communicates witli the

great occipital, the vagus, and the hypo-glossal; when the vertebral
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artery is diseased, therefore, it may press on these various nei-ves,

causing pain in the back of the head, along the great occipital,

and has also been said to affect speech from pressure on the

hypo-glossal in the skull, leading to partial paralysis of the muscles

of the tongue.

II. The Thyroid Axis.—This is a short trunk which arises froni'

the anterior and upper part of the vessel, and very soon divides into

three branches—(a) Inferior Th3n:oid, Avhich passes upwards and

inwards in front of the vertebral artery, recurrent laryngeal neiTC,

and longus colli muscle, but behind, the carotid sheath and its cou-

tents, and the gaiigliated cord of the sympathetic, the middle cervical,

or thyroid, ganglion usually resting upon it. It, takes a flexuous

course to the inferior angle of the thyroid body, which it enters

on a level with the body of the fifth cervical vertebra, the recurrent

laryngeal nerve at this point often passing between its terminal

branches; at first it passes vertically upwards to a. point just above

the " carotid tubercle," and after that it curves inwards obliquely

to the thyroid body. If this branch be ligatured in its oblique

part, as it passes behind the carotid sheath, the incision and the

structures divided will be nearly the same as in ligature of the

common carotid at the lower part of the neck, the necessary modi-

fications being evident. As the omo-hyoid partially conceals the

vessel, it must be drawn aside or divided; when this is done, look

for the artery between the trachea and the ojsophagus on the inner

side, and the carotid sheath with its contents on the outer side.

In performing this operation great care must be taken not to injure

the descendens noni, or the recurrent laryngeal nerve. In excision

of the thyroid body, this vessel requires to be ligatured as it enters

the inferior angle of the gland. The branches of the inferior

thyroid artery are—(1) Ascending cervical; (2) inferior laryngeal

branch; (3) oesophageal; (4) tracheal. It may also be ligatured in

its first or vertical portion, by an incision two or three inches in

length along the posterior border of the sterno-mastoid (Drobeck) ;

the incision begins about half-an-inch above the clavicle. Take

care of the external jugular vein and the phrenic nerve; the trunk

of the artery is found near the inner border of the anteiior scalene.

The deep guide is either the " carotid tubercle," or the ascending-

cervical branch, which lies between the scalenus anticus and thv
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rectus anticns major, and which, when found, will lead to the

parent trunk, {h) Transversalis Colli— Passes outwards in front

of the scalenus anticus and phrenic nerve, and beneath the sterno

liiastoid, into the posterior triangle of the neck, where it passes in

front of the cords going to form the brachial plexus, and ends

there by dividing into superficial cervical and posterior scapular

arteries. Aneurism of this branch may simulate subclavian aneurism.

{c) Supra-scapular, or Transversalis Humeri—This vessel is on a

lower level than the last, and runs outwards in front of the scalenus

anticus and phrenic nerve, but behind the clavicle and the omo-
hyoid to the upper border of the scapula. In some rare cases this

branch is much enlarged, and has been mistaken for the subclavian

artery itself

III. Internal Mammary.—This vessel arises from the anterior

and lower part of the subclavian, and passes dowmvards behind
the inner end of the clavicle, and the beginning of the right

innominate vein, and enters the chest between the first rib and
the pleura; as it is about to enter the chest, it is crossed by the
phrenic nerve, and covered by the internal jugular and subclavian
veins. If this vessel Avere to be tied at its origin, it should be
borne in mind that its anterior relations are precisely similiar to
those of the first part of the subclavian (see above). For the rest

of its course it lies fully half-an-inch external to the margin of
the sternum, and in the interval between the sixth and seventh
costal cartilages it ends by dividing into the musrAdo-pIirenic and
superior epigastric arteries.

Relations.—In front, the internal mammary is covered by

—

(1) The skin, superficial and deep fascia; (2) pectoralis major;
(3) anterior intercostal membrane; (4) internal intercostal muscle;

(5) costal cartilages. It lies on—(1) Triangularis sterni; (2) costal
pleura; (.3) the terminations of the intercostal nerves. The left

internal mammary is usually described as being one of the contents
of the anterior mediastinal space, but such is not the case, as in no
part of its course does it he witliin tliat space (Cunningham). For
tho^ purpose of ligature the vessel may bo reached by an oblique
incision downwards and outwards from the side of the sternum, the

ntrc of the incision being half-an-inch from that bono; then by
dividing the various muscular and fascial layers already indicated
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the artery, with, its accompanying veins, can be readily exposed.

The vessel may also he exposed by a transverse or vertical incision,

and is most easily reached in the second space. In cases, however,

of htemorrhage from the artery, the result of a wound, the operation

of securing the vessel may he more difficult, hut the bleeding may

be readily controlled by compression, as in the case of an intercostal,

artery; a small bag of muslin or a fine siUc handkerchief, being

introduced through the wound, is stufifed with lint or a piece of

sponge, and then withdrawn so as to effectually compress the vesse

against tlie costal cartilages (Fig. 15),

Fig. 15.

Intercostal H,€morrhage.

Haudkorchiof

.Bib.

Iiitorcostal Ai-tery.

.Packing of I int.

When tlie liankevoUief is pulled outwards, in tlio direction of the airow^ the round

ball presses on the artery and stops the bleeding.

OF THE SECOND PART.—The superior intercostal artery, and

arising in common with it is the profunda cervicis branch, which

passes backwards between the neck of the first rib and the transverse

process of the seventh cervical vertebra, and ascends in the neck

between the complexus and the semi-spinalis colli, supplying these

muscles and anastomosing with the vertebral and princeps cervicis

branch of the occipital artery. On the left side as already men-

tioned, the superior intercostal arises from the first part of the

subclavian. In either case it descends into the thorax in front of

the neck of the first rib, and gives off the posterior intercostal

arteries to the first and second spaces, anastomosing with the first

aortic intercostal and the internal mammary. The inosculation

between the profunda and the princeps cervicis is an important

agent in re-establishing the circulation after ligature of the common

carotid.



Surgical, Medical, and Operative. 71)

CHAPTEE VII.

CAROTID ARTER.IE8.

Common Carotid Artery.—Aneurism of this vessel presents as
a pulsating tumour between the two heads of the sterno-mastoid,
more or less elongated in the vertical direction, with a bruit
propagated upwards, and not towards the axilla, and gives rise
to siJecial pressure symptoms:~iov instance, if the aneurism be
situated near the bifurcation of the vessel (where it usuaUy occurs),
there is a constant hacking cough due to pressure on the superior
laryngeal nerve; if it be placed lower down we may get spasm
of the glottis from pressure on the recurrent laryngeal nerve. On
account of the dense cervical fascia the aneurism tends to press
inwards, and may simulate abscess of the tonsil or pharynx, but
is more rounded and circumscribed than abscess, and the swelling
will pulsate. There may also be serious dyspnoea and difficulty in
deglutition from direct pressure, and also from irritation of the
pharyngeal plexus. Aneurism of this vessel occurs eariier in life
than most aneurisms, and as often in women as in men; it is most
common on the right side and usuaUy at the bifurcation, as at this
point the pressure is greater than elsewhere. To compress this
vessel during life one may—(1) squeeze it laterally by placing the
thumb at the anterior border of the sterno-mastoid, and the next
three fingers at the posterior edge: in this way the vagus escapes
pressure; (2) directly backwards against the "carotid tubercle."
In usmg this second method pressure must be made on a level
with the cricoid cartilage (whicli corresponds to the level of the
''carotid tubercle"), because if below this point the vertebral will
be compressed as well. This is important, because wounds of the
common carotid are very common in civil practice, and must be
distingui.shed from wounds of th6 vertebral, and vire 'versa.
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Origin.—On the rigid side in the hifurcation of the innominate

artery opposite the sterno-clavicular articulation. On the left side

it springs directly from tlie arch of the aorta. Extent. — From
behind the sterno-clavicular articulation to a point a little higher

than the upper margin of the thyroid cartilage, where it divides

into internal and external carotids. Course.— Its course is in-

dicated by a line drawn from the sterno-clavicular articulation to

a point midway between the angle of the jaw and the mastoid

process.

The artery, together with the internal jugular vein and vagus

nerve, are included in a common sheath derived from the deep

cervical fascia, although each structm-e lies in a separate compart-

ment; the septa are comparatively strong, especially that between

Fig. 16.

Transverse Section of Left Carotid Sheath.

Pointat which the .Sheixth

should be opened in
lig.aturiiig the Com-
luein Carotid Artery.

Common Cai"otid Artery.

rnoimio- Gastric Nerve.

S. Septum between the Artery .and Vein.

the vein and the artery. This is important, because the compart-

ment containing the artery may be opened without interfering with

those containing the vein and nerve, and in this way the vein,

which is about twice the size of the artery, and ol'ten overlaps it,

is prevented from bulging unduly over that vessel durmg the

operation. In the sheath the artery is the most internal, the vein

most external, and the nerve behind and between (Fig. 1 6).

Before describing the operation itself, we ^vill state very briefly

the chief relations of the sheath to the surrounding parts.

As high as the Cricoid Cartilage it is deeply placed, and is

covered hiJ—{^) The common investments {i.e., skin and superficial
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fascia, platysma and deep fascia). (2) Sternal head of sterno-mastoid.

(3) Sterno-hyoid. (4) Sterno-thyroid. (5) Crossed by omo-liyoid.

(6) Above this point it enters the carotid triangle, is covered by the
common investments of the parts overlapped by the sterno-mastoid,
and crossed about the point commonly chosen for the application
of a ligature by the sterno-mastoid artery from the superior thyroid.
It is also crossed by (7) three veins—superior and middle thyroids,
and the anterior jugular. (8) The descendens noni lies on (some-
times in) the sheath. (9) In front of the superficial part there
are some lymphatic glands; it is important to remember this, as a
gland may be mistaken and cleaned for the artery. Further, these
glands are apt to suppurate, and may simulate aneurism. (For
the Diagnosis between Aneurism and Abscess, see page 6.) It is

usually slightly overlapped by the sterno-mastoid at its upper part.
Beldnd the sheath is—(1) The gangliated cord of the sympathetic;
(2) the recurrent laryngeal nerve crossing obliquely inwards behind
the sheath; (3) longus colli; (4) rectus capitis anticus major; and
behind these (5) the transverse processes of the cervical vertebra;,
against which the vessel may be compressed during life. (6) The
inferior thyrbid artery also crosses obliquely inwards behind both
the sheath and the gangliated cord of the sympathetic. (See the
" Branches of Subclavian.") (7) Behind the deep part of the sheath
are some lymphatic glands. To its inner side we have— (1) The
larynx and trachea. (2) Pharynx and oesophagus. (3) Thyroid
body. (4) Kecurrent laryngeal nerve and inferior thyroid artery.
To the outer side, a chain of lymphatic glands and the scalenus
ajiticus. It should be noted, however, tliat though the glands at
the lower part of the neck are behind the sheath, yet at the upper
part many glands lie in front of the artery; it is important to keep
this m mmd as these glands may undergo chronic inflammation
and suppuration, and closely simulate an aneurism. The above are
the chief relations of the carotid sheath.

• To assist the memory, note the following points in regard to the
relations of the artery itself:-!. That there are four muscles in
iront of It, viz., sterno-mastoid, sterno-hyoid, sterno-tliyroid, and
omo-hyoid. 2. That there are four veins in relation to the artery-
two jugular and two thyroid, three of these cross it, and one (the
internal jugular) lies to its outer side. 3. That there are four

F



,S2 Applied Anatoviy:

nerves in relation to it—aZ/ot'e, tlie descendens noni; helnwi, the

gangliated cord of the sympathetic; on the inmr side, the recurrent

laryngeal (at its lower part) ; on the ouUv side, the vagus. 4. There

are four chief things to its inner side—the an- passages, the food

passages, thyroid hody, and recirn-ent laryngeal nerve with the

inferior thyroid artery. .

•

In the livmg body it should be remembered that the vessel is

overlapped throughout its entire extent by the sterno-mastoid, as

this muscle does not pass in a straight line from the sterno-clavicular

articulation to the mastoid process, but takes a curved course, the

convexity of the curve being directed towards the middle hue of

the neck. This curve is maintained by a process of deep cervical

lUscia attached on the one hand to the deep surface of the sterno-

luastoid and on the other to tlie angle of the lower jaw, for as soon

as it is cut the anterior edge takes a straight direction (Ellis).

It may be necessary to ligature this vessel for a wound, either

of itself or its branches, for aneurism, for epilepsy, for erectile and

pulsating tumours of the orbit and skull, or cksoid aneui-ism ot

the scalp; it has also been ligatured for wounds in the mouth .

and ulceration of the tongue. As it gives off no branches it may

be tied at any part of its course, but it is better to avoid tying it

cither close to its origin or to its termination-at its on^m, ot.

account of its great depth, and especially on the left side where the

internal jugular vein is in front and the thoracic duct belimd i

at its f.rmma</o», because here there is a large plexus of veins m

front of it. If for a wound, it must be tied on both sides of the

bleeding point and then divided between; if for a
;
^

'

branches, or pulsating tumour higher up, it shoidd be tied in the

most accessible position-above the omo-hyoid; if for an aneurism,

the point of ligatm-e will depend on its position, cj., in aneimsm

of the upper part, the HunteriaxN operation may be used, while lu

aneurisu^ low down we may use the method suggested by Brasdor

Licrature of the vessel for cirsoid aneurism of tlie scalp (" aneurism

lw° anastomosis" of some), a similar condition of the orbit, or

other forms of pulsatile simple tumours of the orbit and seal
,

cannot be regarded as a necessary or eveu justifiable operation

Zl Dr John Duncan has proved the safety and certainty ol

cure by electrolysis.
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LIGATURE ABOVE THE OMO-HYOID.

The patient should be placed iii the recumbent position, and
his shoulders raised by means of pillows, the head being thrown
back a little, and the face turned towards the o^Dposite shoulder,
in order to make the sterno-mastoid tense and prominent, and the
angle of the jaw turned up somewhat. The neck should be com-
pressed at the lower part, in order to make the superficial veins,
as the anterior and external jugulars, turgid, and their course noted,
so that they may be avoided as much as possible in making the
necessary incision. The Surgeon should stand on the same siVlo as

tlie vessel about to be ligatured, and most conveniently behind the
shoulder for the left side, but in front of the right, or in both cases
facing the side of the patient's neck.

Superficial Guide.—The line marking its course, or the anterior
border of the sterno-mastoid, I ncision.—With the line of the vessel
in mind, make an incision three inches in length, so arranged that its

centre shall be on a level with, or rather higher than, the cricoid
cartilage—the point usually selected for ligature above the omo-liyoid
(see Fig. 14). The upper part of this incision will be a few lines
nearer the middle line of tlie neck than the reputed anterior margin
of the sterno-mastoid, this muscle diverging from the artery as° it

rises higher in the neck; this, however, is only the case when the
process of deep cervical fascia, already mentioned, is divided, and
therefore must not be looked for out of the dissecting room. By this
incision we divide— (1) the skin, (2) superficial fascia, (3) platysma.
(1) Then cut through the deep fascia and expose the edge of tlie

sterno-mastoid, and draw it aside with blunt hooks, the head being
previously turned a little towards the same shoulder and flexed by
tlic assistant, in order to relax its fibres. (5) Expose the omo-hyoid
by cutting tlirough a dense fascia covering it and the other muscles
and carotid sheath. It is of importance to note that at this part
of its course there is usually a large venous plexus in front of the
vessel formed cliiefly by the superior thyroid veins with communi-
cations from the lingual, facial, anterior, and external jugulars.

(0) Draw aside the lateral lobe of the thyroid body which is now
exposed, and look for the deep guide to the vessel, viz., the angle
luniicd by the anterior belly of the omo-hyoid with the anterior
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border of the sterno-mastoid— the artery bisecting this angle.

Draw the muscle inwards with a blunt hook, and then expose the

sheath fully, by carefully turning aside any interveijing structures

with the handle of the knife, using the blade "as little as possible,

in order that the descendens noni nerve and its communications,

and sterno-mastoid branches of the superior thyroid artery, be not

injured. Open the inner compartment of the sheath well to the

tracheal side, since the gi-eater part of the sheath, as thus exposed,

is occupied, in the living body, by the internal jugular vein

(see Fig. 16). Then clear the artery very thoroughly from the

special areolar sheath surrounding it, till the white external coat

comes into view, and pass the ligature (without using force) from

the outer side to avoid tlie risk of wounding the internal jugular

vein or including the vagus, holding the other edge of the opening

in the sheath with a pair of artery forceps to steady it during the

passage of the ligature.

r r

RESUME of the principal stejas in this operation:

—

1. Centre of the incision to be opposite the cricoid cartilage,

not too far forward, lest the anterior jugular be cut.

2. Expose the anterior edge of the sterno-mastoid, and

secure sterno-mastoid artery.

3. Expose the upper edge of the anterior belly of the omo-

hyoid, watching for the venous plexus, sterno-mastoid

artery, and descendens noni nerve. Now flex the

head, and,

4. With a finger in the wound, press towards the transverse

processes of the vertebrae, and feel the artery in the

angle between the omo-hyoid and the sterno-mastoid,

rolling beneatli the finger.

5. Open the common sheath well to the inner side, and, if

necessary, push the internal jugular outwards, or com-

press it at the upper angle of the wound to empty it.

6. Open the special cellular tissue sheath of the artery, and

clear it till the white external coat is seen, and then

pass the needle from the outer side.
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LIGATURE BELOW THE OMO-HYOID.

Right Side.—The position of the patient and the Surgeon are

the sanfie as for th^ higher operation. If we Avish to ligature the

vessel below the omo-hyoid, it is necessary—(1) That the incision

be extended further down along the anterior edge of the sterno-

mastoid, which must be drawn Avell outwards, after having divided

its sternal head. An incislon three inches long commencing a

little above the level of the cricoid cartilage, and extending to the

episternal notch, will be found sufficient ; sometimes an angular

incision is used, corresponding to the lower two inches of the

sterno-mastoid, and the inner two inches of the clavicle. (2) To
divide the fascia binding the omo-hyoid to the muscles near it,

and draw it upwards. (3) DraAV the sterno-mastoid outwards, the

sterno-hyoid and sterno-thyroid muscles inwards, or, if necessary,

divide the sterno-hyoid, and the carotid sheath is now exposed.

Proceed as in ligature above the omo-hyoid, bearing in mind the

complicated relations of the parts. There is a venous plexus in

front of the vessel formed chieily by the middle thyroid veins,

with communications from the anterior and external jugulars;

the chief trunks must be carefully avoided, as well as the ansa

hypoglossi and its branches. On the left side the artery springs

from the arch of the aorta, but beyond the sterno-clavicular articu-

lation, its relations are almost the same as those of the vessel on

the right side, with the following differences :—(1) It is more

deeply placed, as the right arises from the innominate artery which

lies in front of the trachea, while the left lies rather behind that

structure. (2) The internal jugular vein and the pneumogastric

nerve are often placed in front of the artery in the lower third

of the neck. This makes clearing the vessel for the passage of

the ligature more difficult on the left side ; on the right side it is

easy, because the vein and nerve incline away from the artery at

its lower part, but on the left side the vein bulges right over the

vessel, and in the living subject complicates the operation consider-

ably. (.3) Being deeper it is nearer the oesophagus, which lies on
its inner side. (4) Low down, the thoracic duct lies to its outer

side. Otherwise the operation for ligature of the vessel on tlie left

side is similar to the corresponding operation on the right side.
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After tlie operation the patient should' be placed in bed with the

head and shoulders raised. His head should be bent a little

forwards to relax the parts, and fixed in that position by a cirolc,

of bandage round it, with strips passing from it to be fixed to a

broad band round the chest. An opiate, or a mixture containing

hydrocyanic acid, may be necessary to allay laryngeal irritation.

r r

RESUME of this operation :

—

1 . An incision three inches long is made from a little above

the cricoid cartilage to the episternal notch.

2. Expose the sterno-mastoid and divide its sternal head

and draw it outwards, and draw the omo-hyoid up-

wards.

3. Secure the anterior jugidar and middle thyroid veins.

4. Expose the sterno-hyoid and draAV aside or divide it; the

sterno-thyroid will not require division, as a rule.

5. Press a finger backwards towards the transverse processes

of the cervical vertebras and feel for the "carotid

tubercle;" the artery will be felt rolling under the

finger.

G. Divide the common sheath and clear the artery from its

special cellular tissue sheath and tie as in the high

operation.

Sedillot has ligatured the artery at the root of the neck by an

incision between the two heads of the sterno-mastoid; tlie head

is flexed, the two parts of the musele separated, and the vessel

exposed and tied, taking special care of the vagus nerve and the

internal jugular vein.

Collateral Circulation (see Fig. 12).— 1. Branches of the

external carotid on the side tied, anastomosing with the corre-

sponding branches of the opposite side (4), \iz.— (a) Facial witli

facial; (h) temporal with temporal; (c) occipital with occipital;

(cl) superior thyroid with superior thyroid (10). 2. Anastomoses

between the internal carotids of opposite sides through the anterior

segment of the " circle of Wilhs "—anterior cerebral of the one

side, with the anterior cerebral of the other, through the anterior

communicating (1). 3. Anastomoses between the subclavian and

the external carotid of the side tied—(a) The deep cervical (11)
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with pvinceps cervicis of occipital (G)
;

(Z>) the vertebral (8) with

the occipital (7) ;
(c) inferior thyroid with superior thyroid (10).

4. Anastomoses between the subclavian and the internal carotid

of the side tied, the vertebral (from subclavian) through the basilar

and posterior cerebral, with posterior communicating from internal

carotid, i.e., through the lateral segment of the " circle of

Willis" (1). 5. Anastomoses of the ophthalmic, from the internal

carotid, through the " circle of Willis," with branches of the external

carotid on the side tied— (a) Nasal of ophthalmic with angular of

facial
; (&) infra-orbital, from internal maxillary, with twigs of facial

;

(f) supra-orbital and frontal, from ophthalmic, with terminations of

the anterior temporal.

The usual cause of death after ligature of the common carotid

is cerebral disease induced by the operation, from the sudden inter-

ference with the cerebral circulation; the symptoms are twitchings,

tremblings, convulsions, syncope, giddiness, and sometimes complete

hemiplegia of the opposite side, probably due to the diminished

supply of arterial blood. The softening of the brain which is apt

to follow corresponds, pathologically, to gangrene in other situations;

abscess in the brain has occasionally been found. In other cases

drowsiness, stupor, and apoplexy supervene, probably from the

venous congestion. Besides the cerebral symptoms the lungs, in

many cases, appear to be affected, probably from the interference

with the blood supply to the medulla oblongata, they become

congested and are apt to run into a low form of inflammation, just

as in injury of the trunks of the vagi. Occasionally, vascular

erectile tumours are situated over the course of the carotid artery,

and may indirectly communicate with it or the jugular vein :

under such circumstances the diagnosis of aneurism becomes a

matter of extreme difficulty.

lEREGULARITIES.—The vessel may bifurcate as low as the

cricoid cartilage, or even lower, so that two trunks are met Avith

instead of one at the usual seat of ligature. Sometimes it ascends

as high as, or even higher than the hyoid bone before it divides.

The carotids may arise by a common trunlc, the right then passing

in front of the lower part of the trachea in the neck to reach its

usual situation ; in such a case it would be in tlic way, and form

a great source of danger in the' operation of tracheotomy.
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INTERNAL CAROTID ARTERY.

Origin.—From the bifurcation of the common carptid, opposite

the upper border of the thyroid cartilage. It is deeper and further

from the middle line (i.e., more posterior) than the external. It is

called internal" because it is distributed to the interior of the

cranium. The internal jugular veiu, the vagus, and the sympathetic

nerves have the same relation to the internal as to the common
carotid artery. Course.—Its course is indicated by the upper part

of a line drawn from the sterno-clavicular articulation to a point

just in front of the lobule of the ear. The part below the posterior

belly of the digastric {i.e., the part in the carotid triangle) is the

only accessible portion.

Relations.—In front— {I) Skin; (2) the supei-ficial fascia;

(3) platysma; (4) deep fascia; (5) crossed by the ninth nerve,

sending down the descendens noni; (6) also crossed by the occi-

pital artery, giving off some sterno-mastoid branches. Higher up
we find (7) the parotid gland; (8) the stylo-glossus and the stylo-

pharyngeus muscles; (9) the glosso-pharyngeal nerve and pharyngeal

branch of vagus; (10) the external carotid artery. On the outer

side—(1) The internal jugular vein; (2) spinal accessory nerve;

(3) pneumo-gastric nerve. On the inner side—(1) The pharynx;

(2) ascending pharyngeal artery; (3) tonsil. Behind—(1) The
gangliated cord of sympathetic; (2) superior laryngeal nerve

(internal and external branches); (3) rectus capitis anticus major;

(4) further back, the cervical vertebras. An extra-cranial aneurism

of this vessel tends to bulge into the pharynx, as there is least

resistance to its growth in this direction.

Incision.—With the patient and Surgeon in the same position

as in ligature of the common carotid, an incision should be made
in the line of the vessel along the inner edge of the sterno-mastoid

muscle, from the angle of the jaw to the upper border of the thyroid

cartilage. The best position for applying the ligature is about

midway between the hyoid bone and the digastric. By this

incision we cut through (1) skin; (2) superficial fascia; (3) jolatysma;

and (4) deep fascia. Draw aside the sterpo-mastoid, when (5) the

occipital artery with its mastoid branch, and (6) tlie ninth nerve

Avith its descendens noni branch, are brought into view. Turn
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these aside, open the sheath, clear the vessel, and pass the ligature.

Great care is necessary in clearing the vessel on account of its close

relation to the internal jugular vein on its outer side, the vagus
nerve behind and to its inner side, and the external carotid above
and someM'hat to its inner side. The needle is to be passed from
the outer side, i.e., from the vein.

This is an operation rarely, if ever, performed on the living body.

In cases of wound of the vessel in the neck by a stab or bullet, etc.,

it should, if possible, be tied at the bleeding point, but in this case,

the wound is the guide. Sometimes it is very difficult to be quite

sure of the position of the bleeding point, and in that case, the

common carotid should be tied. In cases of intra- cranial and
orbital aneurism, ligature of the common carotid is the more
effectual operation. Should it be injured from the fauces, as in

operations on, or in ulceration of, the tonsils, ligature of the

common trunk is the proper plan of treatment.

J^OTE.—The vessel lies, at this part of its
.
course, external to the

external carotid. The internal jugular vein is to its outer side, and,

therefore, the aneurism needle should be passed from this side;

further, the gangliated cord of the sympathetic and the vagus, with
its superior laryngeal branch, are behind it. .When one internal

carotid trunk has been tied the circulation is very speedily re-

established by the internal carotid, and vertebral of the opposite side,

and vertebral of the same side, through the " Circle of Willis."

PECULIARITIES.—The length of the internal carotid varies

according to the point of bifurcation of the common. Sometimes
it springs directly from the arch of the aorta; occasionally, it is

altogether absent.

EXTERNAL CAROTID ARTERY.
Origin.—At the same point as the internal. Extent.—From its

point of origin upwards to a point opposite the neck of the condyle
of the lower jaw, where it divides into temporal and internal

maxillary arteries. In the child, it is smaller than the internal;

but in the adult, the two vessels are almost of equal size. It is

called " external " because it is distributed to the outer aspect of

the craninm. At first it is placed on the inner side of the internal

carotid, but afterwards is suporfioial to that vessel. Course.—Runs
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upwards and slightly outwards, passing between tlie angle of the

jaAV and the mastoid process, lying a little to the front of the

anterior border of the sterno-mastoid, very nearly corresponding to

a line drawn from the front of the meatus of the ear to the cricoid

cartilage, slightly arched forwards.

Relations.—In the first part of its course the vessel lies m the

carotid triangle, and is quite superficial, being merely comred hy—
(1) Bkin; (2) superficial fasciaj (3) platysma, with branches of the

superficial cervical, great auricular, and infra-maxillary branches of

the facial nerve; (4) deep fascia; (5) lingual and facial veins, and

may be slightly overlapped by the sterno-mastoid. In the second

part of its course it is deeper, being covered by (6) the posterior

belly of the digastric and stylo-hyoid nmscles, arid (7) crossed by

tlie ninth nerve. In the third part it is still deeper, for it passes

beneath the deep surface of, and enters (8) the parotid gland, and

under the structures iu its substance. Behind the vessel we have

—

(1) The superior laryngeal nerve with its external branch, and the

structures which separate the external from the internal carotids,

viz., (2) stylo-pharyngeus and (3) stylo-glossus muscles; (4) styloid

process, if long (if short, we will have the stylo-hyoid ligament)

;

(5) glosso-pharyngeal nerve, and (G) pharyngeal branch of vagus.

Jfote the nerves in relation with this vessel—(1) The hypo-glossal

crosses it near its beginning; (2) the facial crosses it at the upper part;

(3) the superior laryngeal with its external laryngeal branch are

beneath its lower part; while (4) the glosso-pharyngeal lies beneath

its upper part.

It may be ligatured as it lies in the carotid triangle, but its

branches are so numerous that its ligature is apt to be followed by

secondary heemoiThage. The best point for the application of the

ligature is between the origins of the superior thyroid and lingual

arteries. The patient is to be placed in the same position as in

ligature of tlie common carotid and the Surgeon stands on the same

side as the vessel to be tied. At this part of its course it is covered

by a large plexus of veins, formed by the lingual, facial, and

pharyngeal veins, with communications from the superior thyroid

and external jugular. The incision used in ligature of the internal

carotid will also do for ligature of this vessel, or the incision may

])e half-an-inch nearer tlio middle line of tlie neck, and sliould
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extend from near the angle of the jaAV to the level of the thyroid-

cartilage. Carefully cut through the structures covering it in the

first part of its course. Turn the large veins to one side if possible,

or else tie them with a double ligature and cut between. Tlie

sterno-mastoid must be pulled backwards, the digastric and stylo-

hyoid muscles with the hypo-glossal nerve forwards and uj)wards,

and the parotid gland upwards. The descendens noni is external

to and somewhat behind the vessel, and is not likely to be injured,

but the thyro-hyoid branch is immediately in front, and if seen

should be hooked aside. The vessel is then to be cleared, and the

needle passed from the outer side, and in doing so care should be

taken to avoid injuring or including the descendens noni nerve,

the superior laryngeal nerve, or the ascending pharyngeal artery.

The external carotid may be ligatured for wounds of the main

trunk or its branches, various forms of aneurism of the face and

scalp, etc. In case of wounds, or aneurism the result of a wound,

the vessel or its branches should be secured at the injured point.

In cases of idiopathic aneurism and pulsating tumours of scalp,

ligature of the common carotid is the more effectual operation, on
account" of the large number of branches given off by the external.

Collateral Circulation (see Mg. 12).— 1. Branches of the

external carotid on tlio side tied airastomosirig with the corres-

ponding branches of tlie opposite side (4), viz.—(a) Facial with

facial
; (6) temporal with temporal

;
(f) occipital with occipital

;

{(l) superior thyroid with superior thyroid (10). 2. Anastomoses

between the subclavian and the external carotid of the side tied

—

(a) Deep cervical (11) from the superior intercostal, with the princeps

cervicis (6) of the occipital; (IS) the vertebral with tlie occipital in

the region of the suboccipital triangle (7) ;
(c) inferior thyroid with

tlie superior thyroid (10). 3. Nasal of the ophthalmic anastomosing

Avith the angular of the facial.

THE PULSE IN ANEURISM of the aorta and vessels at tlie

root of the neck.—According to Dr Mahomed, the chief characters

of the aneurismal pulse recognisable by the finger are— (1) Delay;

(2) diminution in volume; (3) diminution in force; (4) persistency;

(5) in some cases a thrill may be felt. In many cases the finger

can perceive a want of parallelism in tlie beats of the radials; but

.sometimes the differences are too/slight to Ik; dectected by the finger.
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The characters of a sphygmographic tracing are—(1) A sloping

upstroke, due to the delay of the pulse wave; (2) diminished volume

of wave; (3) impairment of percussion, from the diminution in

the force of the wave; (4) obliteration of secondary waves;

(5) inequality of the pressure employed on the two sides; (6) some-

times vibratUe waves, corresponding to the thrill sometimes felt

by the finger. A constant dissimilarity in the pulse tracings of

the two radials is the most valuable sign, and this is best of aU

demonstrated' by sphygmographic tracings; the wave is delayed,

it is smaller than the other, and there is loss of tension.

The presence of the signs above enumerated in the pulse at

both wrists would point to an aneurism of the ascending arch; if

the right pulse be affected more than the left, the aneurism must

involve the innominate ; if the left more than the right, the aneurism

is of the transverse arch beyond the innominate.
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CHAPTEE VIII.

BRANCHES OF THE EXTERNAL CAROTID.

An Anterior Set.—(1) Superior thyroid; (2) lingual; (3) facial.

A Posterior Set.—(1) Occipital
; (2) posterior auricular

; (3) sterno-

mastoid (sometimes). An Ascending Set.—(1) Temporal; (2) in-

ternal maxillary; (3) ascending pharyngeal. The sterno-mastoid

branch has three possible modes of origin—(1) From the external

carotid
; (2) from the occipital

; (3) from the superior thyroid.

Thyroid Arteries.—Ligature of these arteries has been practised

by some Surgeons as a cure for bronchocele, with but doubtful

success. We have already referred to ligature of the Inferior

Thyroid. (See page 75.)

The Superior Thyroid.—This vessel is a branch of the external

carotid.- It' is the lowest of the three branches arising from the

anterior surface of that vessel, and is usually given oif not far from
its origin, as it lies in the carotid triangle, coming off just below
the great cornu of the hyoid bone. The superior thyroid itself,

therefore, is at first merely covered by the common investments of

the parts, and at this point it may be ligatured. Make an incision

two inches long parallel with the anterior edge of the sterno-mastoid,

but half-an-inch nearer the middle line, so that it shall he over the

external carotid artery, the centre of the incision being opposite the
superior cornu of the thyroid cartilage, or the thyro-hyoid space, as

the artejy usually arises somewhat below the great cornu of the
hyoid bone. Here the vessel, passing upwards and inwards, is

quite superficial, being covered only by skin, superficial fascia,

platysma, and deep fascia, and may be readily tied. There is a well
marked venous plexus in front of the vessel, formed by the lingual,

superior thyroid, and facial veins, which is the chief difficulty of

the operation. After this it takes an arched course downwards,
l)assing beneath the omo-hyoid, sterno-hyoid, and sterno-tliyroid

muscles to the upper part of the thyroid body.
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Branches.— (1) Hyoid brancli, runs inwards hdbw the liyoid

Lone. (2) Sterno-niastoid, i^asses outwards across tlic carotid sliealh

to the sterno-mastoid muscle; it is important to note the relation

of this little branch to the carotid sheath, as it is in the way in

the operation of tying the common carotid above the omo-iyoid.

(3) Superior laryngeal, pierces the thyro-hyoid membrane and

supplies the mucous membrane of the larynx. (4) Crico-thjToid,

runs across the crico-thyi-oid membrane. This little branch .should

be remembered in the operation of laryugotomy, ulthougli, from its

small size, it seldom gives rise to any trouble. Occasionally,

however, it is of large size; I have seen it as largo as an ordinary

radial. (.5) Terminal branches to the thyroid body.

THE LINGUAL ARTERY. '

It may be necessary to ligature this vessel to restrain profuse

hajmorrhage from the tongue, c.c]., in cancerous ulcers, or for the

juirpose of starving such growths, or preliminary to excision of the

tongue, and in macroglossia. Origin.—From tlie anterior border

of the external carotid, either just above or immediately below

the level of the great cornu of the hyoid bone. Extent.—From its

origin to the anterior border of the hyo-glossus muscle. Course.-

—

At first inwards above the hyoid bone, and then upwards and

inwards beneath the hyo-glossus.

Relations.^—In the first part of its course—from its origin to

tlie posterior border of the hyo-glossus—it passes obliquely ujjwards

and inwards to the great cornu of the hyoid bone, and is quite

superficial, being simply covered by the skin, fascia, and platysma,

and rests on the middle constrictor of the pharynx. In the second

part of its course, that beneath the hyo-glossus, it runs forwards

parallel with the great cornu of the hyoid bone for a little way,

and then ascends to the under surface of the tongue. Here it is

covered by the skin, fascia, and platysma, crossed by the posterior

belly of the digastric and the stylo-hyoid muscles, and sometimes

also by the ninth nerve near the posterior border of the hyo-glossus,

and lastly, it is covered by the hyo-glossus muscle itself. In its

second part it rests on the middle constrictor and the genio-hyo-

glossus muscle. Properly speaking the vessel ends, as such, at the

anterior border of the hyo-glossus, and its continuation, the ranuic



Surgical^ Medical, and Operative. 95

Fig. 17.

Lingual Artery.

1. Anterior Temporal.

2. ro.sterior Temponil.

3. Temporal.

4. Internal Maxillary.

5. Hypoglossal Nerve.

6. Occipital Artery.

7. Internal Carotid.

8. Internal Jugular Vein.

9. Annandale's Incision.

10. Internal Carotid.

11. Common Carotid.

12. Jiassctci'.

13. Jaw.

14. Facial Vein.

15. Facial Artery.

16. Digastric.

17. Hyo-Glo.ssu.s.

18. Sublingual.

19. Eanine.

20. Hyoid P>ono.

21. Central Tendon of

Digastric.
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artery, runs forwards to the tip of the tongue to end at tlie side

of the fraanum lingute. In ligaturing this vessel, the patient's

shoulders should be slightly raised, the head thrown well back

over a small pillow, and the face turned towards the opposite

shoulder. The most trustworthy superficial guide to the vessel

is the great cornu of the hyoid boue. The Surgeon stands on the

same side as the vessel tied, above the cliin on tlie right side, but

below it on the left (Fig. 1 7).

Incisions.—To tie it in the first part of its course an incision

is made horizontal or slightly convex downwards, about two inches

in length, on a level with the greater cornu of the hyoid bone,

and extending from the body of that bone to the anterior border

of the sterno-mastoid, its centre corresponding to the end of the

greater cornu. This incision secures the vessel near its origin.

Mr Annandale uses a vertical incision, following tlie coiu'se of the

external carotid artery, and half-au-inch anterior to that vessel.

An obli(xue incision, passing downwards and backwards over the

greater cornu, may also be used ; thus we may use one of three

forms—horizontal, oblique, and transverse,—but in all cases the

centre of the incision must correspond to the end of the gi-eater

cornu. Cut through the superficial structures already mentioned,

and look for the deep guide, the ninth nerve, which is usually'

accompanied by a branch of the lingual vein. The artery is deeper

than the nerve as it has to pass under the hyo-glossus, while the

nerve passes over that muscle. The ninth nerve, with the posterior

belly of the digastric and stylo-hyoid muscles, must be displaced

upwards, and the external carotid artery backwards, by means of

blunt hooks, and then, with the great cornu of the hyoid bone in

view, search for the vessel in the loose cellular tissue. At first

sight it might seem an easy operation to secure the vessel at this

part of its course where it is so superficial, but this is by no means

the case. There are tiiree reasons for this—(1) Because behind

the vessel is the soft mobUe wall of the pharynx, and, for this

reason, it is impossible to get the artery fixed, and in clearing the

vessel great care is necessary lest the wall of the pharynx be

wounded. (2) Over the vessel in this region is a large plexus of

veins, formed chiefly by the lingual and facial (on their way to

empty into tlie internal jugular), with communications from the
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superior thyroid and external jugular veins. (3) Although appar-
ently so superficial, yet, in the actual operation, the vessel lies at

the bottom of a deep narrow pit, with the mobile pharyngeal wall
forming its floor. Another objection to this operation is that the
vessel is often joined at its origin with the facial or superior
thjToid. For these reasons the next form of incision is the one
usually adopted, except in cases where the operation is performed
preliminary to excision of the tongue, when it is necessary to tie

the vessel in its first part, and as close to the parent trunk as

possible, in order to be siu-e that, in removing the tongue, the
artery will not be cut between the parent trunk and the ligatured

point.

To tie it in the second part of its course, i.e., as the vessel lies

beneath the hyo-glossus at the apex of the digastric triangle, a
curved incision is made from a point a little below and behind the
symphysis menti down to the level of the hyoid bone, and then
turning upwards till it nearly reaches the angle of the jaw. It

must not be carried quite up to the angle of the jaw lest the facial

vein be injured. The facial artery is safe, as it is in the substance
of tlie sub-mf^xillary gland, whereas the vein is on its surface. After
dividing the superficial structures and deep fascia, the sub-maxillary
gland is exposed, and must be displaced upwards with a blunt
hook. Then the boundaries of the triangle in which the vessel

lies are to be recognised, viz., the two beUies and the intervening
tendon of the digastric on each side, and the ninth nerve above
the nerve is to be dissected up a little and held aside, when the
hyo-glossus muscle will be exposed. The fibres of this muscle are

tlien to be divided transversely about a couple of lines above the
hyoid bone, the vessel carefully cleaned, and the needle passed from
above downwards. In the dead body the muscle seems thinner than
one might expect, and, unless care be talcen, the operator may easily

open into tlie pliarynx. In this operation the trouble with veins is

not so great as in the first form. Some operators use an incision
an inch and a quarter in .length, parallel with, and one-third of an
inch above, the great cornu of the hyoid bone.

PECULIARITIES.—The lingual artery sometimes arises from
a trunk common to it and the facial ; less freciuently it is joined
with the superior thyroid.
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Branches.—(1) HyoiJ, which runs along the upper border of
the hyoid bone. (2) Dorsalis linguaj, which arises and ascends
beneath the hyo-glossus to the dorsum of tongue. 'In the second
method of ligature, the dorsalis Ungiim is usually given off between
the ligature and the parent trunk; and hgature in this situation,

therefore, Avill not stop hajmorrhage from the base of the tongue.

(3) Sub-lingual branches to sub-lmgual gland. (4) Ranine, the -

direct continuation of the lingual, which runs forward to the tip

of the tongue, and ends in the fenum linguae. To avoid this

little vessel, in relieving the condition known as " tongue-tie," the
prominent tight edge only of the fraenum is nicked with scissors,

and as close to the jaw as possible, any further freeing must be
done with the thumb or finger nail. The ranine vein is more
superficial than the artery; division, or, more' probably, j^'i'tial

division, of these vessels has led to fatal haemorrhage in chUdren,
no doubt helped by efforts at sucking.

r r

RESUME of second form of operation :

—

1. Make a curved incision with the convexity downwards.

2. Take care of facial vein at the outer end of the incision.

3. Open the deep fascia and hook up the sub-maxUlary
gland.

4. Expose the central tendon of tlie digastric muscle, and
then

—

5. Expose the ninth nerve, which will be seen higher up
passing beneath the mylo-hyoid but superficial to the

liyo-glossus, and often accompanied by a hngual vein,

which must not be mistaken for the artery.

6. Divide the fibres of the hyo-glossus on a director from
the outer edge, and then clear and tie the artery,

passing the needle from above downwards.

FACIAL ARTERY.

The first of the incisions for ligature of the lingual Avould also

expose the origin of the facial. It arises from the external carotid

artery, a little above the lingual, lying at first in the carotid

triangle, where it is simply covered by the superficial investments

of the parts (skin, platysma, and fasciae). It is then crossed by the
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posterior belly of the digastric and stylo -hyoid muscles and ninth

nerve. After this it passes through a groove in the posterior and

upper border of the sub-maxillary gland, where it makes a sigmoid

flexure, crosses the lower jaw, lying on the bone, in a little hollow

just about the point where the body joins the ramus, and imme-

diately in front of the masseter muscle, and only covered by the

sldn, fascia, and jDlatysma. Here its pulsations can be felt during

life, and it may be readily compressed with the finger, or ligatured

by an incision one inch in length parallel with the fibres of the

masseter. The Surgeon stands on the same side as the vessel to be

tied. At its origin in the neck it may be tied through an incision,

similar to that used by Mr Annandale for the lingual, only a little

higher up; displace the posterior belly of the digastric with the

stylo -hyoid, and the sub -maxillary gland upwards and forwards,

carefully work through the venous plexus, isolate and tie the vessel.

After this, its general direction is towards the angle of the mouth,

the angle of the nose, and the inner angle of the eye, but in a very

tortuous manner. In its course through the face it is covered by
the superficial structures and platysma, and that special part of the

platysina known as the risorius muscle: it is also covered by the

zygomatic muscles, and crossed by branches of the facial nerve.

It rests on—(1) The lower jaw; (2) buccinator; (3) levator anguli

oris; (4) levator labii superioris. The facial vein lies posterior to

the artery on the face, and is more superficial in the neck, as the

artery passes through the substance of the sub-maxillary gland,

whereas the vein passes over its surface. It is further less flaccid

than most superficial veins, and remains patent after it is cut across.

PECULIARITIES.—The facial artery may arise by a common
trunk with the lingual. Sometimes it terminates as the sub-mental,

and in other cases may only supply the face as high as the angle

of the mouth or nose.

BRANCHES.— In neck.—(1) Inferior or ascending palatine,

which passes upwards between the stylo -glossus, and the stylo-

pharyngeus muscles supplying them, the tonsil, and the Eustachian

tube, and sends a branch through the space of Morgagni to the soft

palate. (2) Tonsillar, which perforate the su^jerior constrictor to

reach the tonsils. (3) Glandular to sub-maxillary gland. (4) Sub-

mental, given off immediately below the lower jaw to the chin.



100 Applied Anatoviy

:

This is the largest branch, and must he kept in mind in operations
about the lower jaw, such as excision, etc. ; it runs forwards on the
mylo-hyoid muscle. On the face.—(1) Inferior labial, which passes
beneath the depressor anguli oris: to supply the lower lip and chin.

(2) The two coronary arteries which pass along the free margin of
each lip. They pass beneath the depressor anguli oris, and then
perforate the orbicularis oris to run in a tortuous course between
this muscle and the mucous membrane. When the lip is struck
against the teeth, the coronary artery may be divided and bleed into
the mouth without any sign of external wound, more especially in
the case of drunk persons. The blood then trickles down the throat
and is swallowed, and some time after may be vomited up, giving
rise to a suspicion of internal injury; in all such cases, therefore,

always examine the inside of the lips. The superior is the larger, and
gives off the artery to the septum of the nose. In operations about
the lips, such as tlie removal of an epithelioma, these branches must
be kept in mind; in this operation, performed on the lower lip by
the V-shaped incision, the inferior coronary and the inferior labial

are both divided. (3) Lateral nasal to side of nose. (4) Angular, its

terminal branch, anastomosing at the iimer angle of the orbit with
the nasal branch of tlie ophthalmic; and this is one reason why
leeches at the inner angle of the eye relieve congestion of the eye
or brain. It also anastomoses with the infra-orbital branch of the

internal maxillary in the same region.

OCCIPITAL ARTERY.

This vessel arises from the posterior surface of the external

carotid, just as that vessel is about to pass beneath the posterior

belly of the digastric. It may be divided into three parts—(1) A
part that passes upwards and backwards, almost parallel witli

and partially overlapped by tlie posterior belly of "the digastric and
stylo-hyoid, to a point between the transverse process of the atlas

and mastoid process of tlie temporal bone. This part is usually

ij^uite superficial at first, being simply covered by the integument;

afterwards it is overlapped by the muscles already mentioned, and
by part of the parotid gland. It, however, crosses tlie following

important structures

—

{a) Internal carotid artery; (&) vagus; (c) in-

ternal jugidar vein; (cZ) spinal accessory nerve; (e) ninth nerve
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(hypo-glossal) wliicli hooks round it; (/) gangliatecl cord of the
sympathetic. (2) A part passing backwards and inwards just below
the superior curved line. At this part of its course it lies on

—

(rt) Eectus lateralis; {Ij) superior oblique; and (c) complexus; and
is covered by— (o) trapezius; {h) sterno-cleido-niastoid

;
(c) splenius

capitis; {d) digastric; (e) trachelo-inastoid ; and is overlapped by

(/) the mastoid process. Under the mastoid process it lies in the
" occipital groove." (.3) The third part pierces the trapezius and
turns upwards to the scalp : this part is accompanied by the great
occipital nerve and a cutaneous twig from the sub-occipital as well.

In the first part of its course it may be tied through an incision
along the anterior border of the sterno-mastoid, with its centre
opposite the angle formed by this muscle, and the posterior belly
of the digastric and stylo-hyoid. In the second part of its course
it may be reached by an incision an inch and a half long, a. little

behind and below the mastoid process, passing obliquely upwards
and backwards. To reach the vessel in this region, we divide skin
and fascia, aponeurosis of the sterno-mastoid, the splenius capitis,

and part of the trachelo-mastoid. At this part of its course, the
vessel lies a little above the superior oblique muscle.

PECULIARITIES.—The occipital artery is sometimes derived
from the internal carotid, or from the ascending cervical branch of
tlie inferior thyroid.

BRANCHES.— (1) A sterno-mastoid branch; (2) auricular, to
concha; (3) meningeal, which enters the skull through the jugular
fommen; (4) princeps cervicis. The princeps cervicis passes down-
wards and divides into a superficial and deep part. The superficiaJ
part runs beneath the splenius, lying on the complexus: the deep
branch lies betM-cen the complexus and the semi-spinalis colli, and
anastomoses with the vertebral, and the profunda cervicis branch
of the superior intercostal artery, in the region of the sub-occipital
triangle. This anastomosis forms an important collateral supply in
the ligature of tlie common carotid or subclavian artery. (5) Occipital
to scalp, Avhich anastomose with the corresponding branches from the
opposite side, and with the temporal arteries.

Postepiop Auricular.—This brancli is given olf above the digastric
and stylo-hyoid muscles, runs along the upper border of the digastric,

and passes between the facial and spinal accessory nerves. Its
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course must be remembered in making the incision through the

integuments when about to trephine the mastoid cells, as it lies in

the interval between the mastoid process and the external auditory

meatus. It anastomoses with the occipital and temporal arteries.

Its branches are—(1) The sttjlo-mastoid, which enters the stylo-

mastoid foramen and supplies the middle ear, mastoid cells, and
semi-circular canals; (2) the auricular, which is distributed to the

back of the cartilage of the ear.

Ascending Pharyngeal.—This branch arises near the commence-
ment of the external carotid, and ascends by the side of the

pharynx, and to the inner side of the internal carotid, to the base

of the skull, beneath the other branches of the exterual carotid, and
also beneath the stylo-pharyngeus muscle, but lying on the rectus

capitis anticus major. Its branches are distributed to the muscles

in this region, to the dura mater, and to the pharynx. The branches

to the dura mater ( vieninf/eal) pass through the foramen lacerum

medius, foramen lacerum posticus, and sometimes through the

anterior condyloid foramen. The pharyngeal branches pass

through the space of jMorgagni to supply the soft palate and tonsil,

and anastomose with the ascending palatine of the facial. This

vessel lies close to the tonsil, and a case is recorded by Mr Baker
where a wound of the artery from the throat, by the stem of a

tobacco-pipe, proved fatal by repeated htemorrhages, notwithstand-

ing ligature of the common carotid. At the post-mortem it was

discovered the pipe stem had completely divided the artery.

Temporal Artery.—This is one of the terminal branches of the

external carotid. It arises in the parotid gland on a level with

the neck of the condyle of the lower jaw, and passes upwards over

the root of tlie zygoma, in front of the ear, to the scalp, and divides,

about two inches above the zygoma into anterior and posterior

branches, which pass in directions indicated by their names. As

it crosses the root of zygoma it is covered ( 1 )
by a dense fascia

derived from the parotid gland; (2) several veins; it is also accom-

panied in this region by branches of the facial and the auriculo-

temporal nerves. It is on account of these relations that the

operation of arteriotomy should not be performed in this situation,

as the dense fascia interferes with the free flow of blood during

the operation, as well as causing some difficulty in controlling the
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litemorrhage afterwards. Eurtlier, one of the veins might be
wounded in the operation, and subsequently give rise to varicose

anem-ism or aneurismal varix; or severe neuralgia might result

from injury to the auriculo -temporal nerve. For the purpose of

arteriotomy the anterior temporal is the branch usually selected.

The vessel may be tied by a vertical incision an inch and a half

in length, midway between the condyle of the jaw and the external

auditory meatus. The vein lies behind it, and the auriculo-temporal

nerve lies in close relation to it; both vein and nerve must be care-

fully avoided in this operation.

Branches— (1) Anterior temporal; (2) 2yosterior iemjjorcd

;

(3) trans^verse facial, given off in the substance of the parotid

gland, and runs forwards over the masseter muscle, just below the

zygoma but above Stenson's duct,- and anastomoses with the infra-

orbital and facial. (4) Middle tewporal, which pierces the temporal

fascia and supijlies the temporal muscle. This vessel sometimes

gives off an orbital branch, which runs along the upper border of

the zygoma between the two layers of the temporal fascia, to the

outer angle of the orbit. (5) Anterior auricular, to the anterior

part of pinna, the lobule, and part of the external auditory meatus.

THE INTERNAL MAXILLARY ARTERY,

This vessel has, so far as I am aware, but little direct surgical

interest. Its branches, however, are involved in many important

surgical operations, such as excision of the upper and lower jaws,

haemorrhage after the removal of teeth, etc. ; and its middle menin-

geal branch may be injured in fracture of the temporal region of the

skull. The middle meningeal enters the skull through the foramen

spinosum of the splienoid bone, and divides into two branches, an
anterior and a posterior; it is the anterior branch that possesses the

greatest interest, from a surgical point of view. From the foramen

spinosum it crosses the great wing of the sphenoid, and then

enters a canal or groove in tlie anterior inferior angle of the parietal

bone. At this part of its course its position may be indicated

on the surface by taking a point an inch and a quarter behind the

external angular process of the frontal bone, and an inch and a half

above the zygoma. After this the anterior branch passes upwards
and slightly backwards to the uj^per margin of the parietal bone,
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from Lalf-au-inch to au inch beliind tlie coronal suture. This
point is easily indicated on the surlace, since the coronal suture
is as nearly as possible five inclies from the root of the nose, and
the artery is therefore half-an-inch to an inch behind this. It may
extend from one, to two and a half inches, from the external angular
process and the same distance above the zygoma, i.e., at one inch it

Avill be one inch above the zygoma; at two it will be two inches

above it, and so on. Under an inch and a half it will usually be
found in a bony canal. A line straiglit across the vertex from one
external auditory meatus to the other just cuts the junction of the

coronal and sagittal sutures. The posterior branch of the artery

passes upwards and backwards over the squamous portion of the

temporal bone.

Should it be necessary to treijhine for the relief of hsemorrhago

in fracture of the skull in this region, define the position of the

anterior branch of the artery in the manner already indicated, and
at this point make a ±- shaped incision, the liorizontal limb of

which is parallel with and about an inch above tlie zygoma, tlie

vertical limb passing upwards as far as necessary. Turn back all

the structures right down to and including the pericranium in one
layer, search for the line of fracture and apply the trephine. Should
there be no fracture visible, even though the symptoms (signs of

compression coming on, not immediately after the injury but after

an interval of consciousness—paralysis of the opposite side of the

body and face) point to extravasation of blood, then trephine over

the course of the vessel. The Structures divided in this oi^eration

are— (1) Skin, (2) superficial fascia, and closely connected with it

the superficial temporal vessels and auriculo-teuiporal and temporo-

malar nerves, and a thin fascia prolonged from the central tendon of

the occipito-frontahs, with the attolens and attrahens muscles arising

from it; (3) tlie two layers of the temporal fascia, and between them
the orbital artery,^ and a twig of the orbital branch of the superior

maxillary nerve with its artery, and some fatty tissue; (4) the

temporal muscle, with the middle temporal artery; (5) the deep

temporal vessels; (6) pericranium; (7) bone, which at this point is

thin and contains but little diploe. The circle of bone will probably

include portions of the frontal, parietal, sphenoid, and squamous

part of the tempoivd, /.c., the bones meeting at the pterion.
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CHAPTEE IX.

THE AXILLARY ARTERY.

Origin.—It is tlie direct continuation of tlie subclavian. Extent.—From the lower border of the first rib to the lower border of the
insertion of the teres major. Course.—With the arm well abducted,
its course is indicated by a line drawn from a point somewhat to

the sternal side of the middle of the clavicle to the inner border
of the coraco-brachialis muscle, near its insertion into the humerus.
It is divided into three parts—a part above, a part beneath, and
a part below the pectoralis minor. Compare this artery with the
subclavian: both are divided into three parts—in both the first

and seqond .parts are deeply placed, and in both the third part is

the one usually ligatured, and in both cases as near the termination
as possible to escape the branches.

THE FIRST PART.—This part extends from the lower border
of the first rib to the upper border of the pectoralis minor.
Position of the Arm.—The shoulder should be pushed weU upwards,
and allowed to fall backwards as far as possible, as this will raise
the clavicle and increase the space; the arm, at the same time, being
well abducted, and the head inclined to the opposite side. When
the .superficial structures and the pectoralis major are divided, then
the arm must be brought close to the side to relax the pectorals and
allow them to be displaced downwards by an assistant. With the arm
m the position indicated, the operator, standing on the outer side of
the corresponding arm, makes an incision parallel with the clavicle,
or with a slight convexity downwards, from a poiut half-an-inch
external to the stemo-clavicular articulation, to a point half-an-inch
internal to the coracoid process. It is better not to go quite up to
tlie coracoid process in order to avoid cutting the cephalic vein as
it lies in the groove between the pectoralis major and the deltoid.
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We cut through—(1) Skin; (2) superficial fascia; (3) platysma;

(4) deep fascia; (5) clavicular head of the pectoralis major, which

must be divided across its fibres, taking care to avoid the ceplmlic

vein, which is seen at the outer angle of the incision, in the groove

between it and the deltoid. After this we meet with a quantity of

fatty tissue, in which ramify the structures that pierce the costo-

coracoid membrane, viz.— (a) The cephalic vein; {h) external

anterior thoracic nerve; (c) thoracic axis, or acromio-thoracic

artery; (d) superior thoracic artery; and (e) corresponding veins.

The arm having been brought to the side, and the upper edge of

the pectoralis minor muscle exposed and displaced downwards by a

broad copper spatula, and any large arterial branch pulled inwards

by a blunt liook, pass carefully tlirough the fatty tissue, cutting as

little as possible, lest the above structures be injured, till the

axillary sheath is exposed. (6) Displace the vein inwards, and

then open the sheath, taking special care not to wound the vein,

which is superficial and internal to, and also overlaps, the artery.

The cords formed by the union of the spinal nerves entering into

the formation of the brachial plexus, lie to its outer side, or may

partially overlap it. Clear the artery with a director, and pass the

needle from the vein, and above the origin of the thoracic axis.

At this part of the axilla, the artery, vein, and nerves, all lie

obliquely to each other—the vein overlapping the artery, and the

artery overlapping the nerves. This is the position of the variojis--^

structures wlien the arm is hanging by the side; but when it is

abducted to any extent, the vein is almost right in front of the

artery. Take care not to include the anterior thoracic nerve.

Behind this part of the vessel is the first digitation of the

serratus magnus and the posterior thoracic nerve (jS'erve of Bell).

Ligature of this part of the axillary artery is a dangerous operation,

because of— (1) Its great depth; (2) its relation to other blood

vessels, e.g., the axillary and cephalic veins, and branches of the

thoracic axis; (3) its relation to nerves, e.(j., the external anterior

thoracic in front, "and the posterior thoracic behind—for these

reasons, it is much better to tie the third part of the subclavian.

RESUME of the chief steps of the foregoing operation :

—

1. Make the curved incision, taking care of the cephalic

vein at the outer angle of incision.
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2. Expose the pectoralis major, separate tlie clavicular from

the sternal head, beginning at the inner end of the

wound, and then divide it on a director, or else use

the finger and a probe-pointed bistoury. Bring the

arm to the side, and

3. After this expose the upper edge of the -pectoralis minor,

Avitli the finger and handle of the knife, taking care not

to wound the acromio-thoracic vessels.

4. Use the branches of the acromio-thoracic artery, or the

cephalic vein, as the guide to the position of the axillary.

5. Clear the vessel as near the clavicle as possible, and well

above the origin of the thoracic axis.

6. Pass the needle from the inner side.

Collateral Circulation (Fig. 18).—If tied above the thoracic

axis it is the same as in ligature of the third part of the subclavian.

If tied below the axis, in addition to the chief collateral branches

mentioned under " Collateral Circulation " (see page 72) in ligature

of the subclavian, we have— 1. Branches from the thoracic axis (4),

and superior thoracic (8), anastomosing with branches from the

two circumfijjx arteries (9) from tliird part of the axillary. 2. The
long thoracic (15), anastomosing with the aortic intercostals (18)
and internal mammary (11).

THE SECOND PART.— Relations.—In front— pectoralis

major and pectoralis minor, with skin, fascia, etc. Behind—The

subscapularis and the posterior cord of the brachial plexus. Inner

dde—The vein and the inner cord. Older side—-Tlie outer cord

of the plexus. The part beneath the. pectoralis minor is not tied

except when wounded—(1) Because it is so short and gives off two

or three branches; (2) it is too deeply placed; (3) it is so closely

surrounded by nerve trunks. In ligaturing the first two parts

of this vessel for a wound of the main trunk or its branches, it is

customary to make the incision in the line of the artery, across the

fibres of the pectorals.

THE THIRD PART.—This is the longest of the three parts, and

extends from the lower border of the pectoralis minor to the lower

border of the teres major : it is twice as long as either of the others.

Position of the Arm.—The arm is abducted to a right angle with
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Fig. 18.

Collateral Circulation of the Upper Extremity.

(Aftoi- yMiTii and Walsiiam.)
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Explanation of Fig. 18.

1. Posterior scapular artciy.

2. Supra-scapular artery.

3. Subclavian ui-tery.

4. Thoracic axis.

5. Superior intercostal artery.

6. The first rib.

7. Axillary artery.

8. Superior thoracic brancli.

9. Posterior circumflex artery, anastomosing with
the thoracic axis.

10. Anastomosis between the postei ior scapulai- and
the dorsalis scapulas.

11. The internal mammary.
12. Anastomosis between the internal mammary and

the superior intercostal.

13. Subscapular artery.

14. Anastomosis between the superior profunda and
the posterior circumflex.

15. Long thoracic.

16. The superior profunda.

17. Anastomosis between the long thoracic, internal
mammary, and aortic intercostals,

IS. Aortic intercostals.

19. Brachial artery (B).

20. Inferior profunda.

21. Interosseous recurrent.

22. Radial recurrent.

23. Deep epigastric.

24. External iliac.

25. The posterior interosseous.

26. Anterior interosseous.

27. Terminal branches of the anterior interosseous.

28. Anterior carpal ai'cli.

. 29. Posterior carpal arch.

30. Recurrent branches.

31. Deep palmar arch.

31a. Superficial palmar arch.

32. Anastomotic branch.

33. Anterior ulnar recurrent.

34. Posterior ulnar I'ecurrent.

Brachial artery. R. Radial artery. U. Ulnar artery.
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the trunk and rotated outwa.rds by an assistant, and the fore-arm

at the same time fully supinated; the operator stands between the

arm and the trunk on both sides of the body.

Superficial Guide.—The inner edge of the prominence caused by

the coraco-brachialis, or else we may divide the base of the axilla

into thirds, when the artery will be found to lie at the junction of

the anterior with the middle third. Make an incision along the

inner side of this muscle and parallel with tlie anterior fold of the

axilla, for about three inches, into the hollow of the armpit. Cut

through—(1) Skin; (2) fascia, avoiding the basilic vein should it

be in the way, and expose the edge of the coraco-brachialis. After

dividing the superficial and deep fascia, the median and the

internal cutaneous nerves will be seen, with the artery behind and

between them, or more correctly, the artery is .really surrounded

by nerve trunks :—To the outer side are the median and the musculo-

cutaneous nerves; on the inner side, the ulnar and nerve of Wris-

berg; in front, the internal cutaneous; heldnd, the musculo-spiral

and circumflex. The axillary vein lies to its inner side, and

partially overlaps it. These nerve trunks form the Deep Guide,

and in the midst of them the artery will usually be found. Eelax

the parts by bending the fore-arm, and then, by means of blunt

hooks, displace the median nerve to the outer side, the axillary

vein with the ulnar and internal cutaneous nerves, and th^Jsa^ilic

vein, if present, to the inner side. Carefully expose and open the

sheath near the lower part of the artery, separate the vessel from

the sheath, and pass the needle from the inner side, taking care not

to include the musculo-spii'al or circumflex nerves which lie behind

the vessel. To give, shortly, the entire Relations of this part of

the artery.—In //•cw^fe^(l) Integument and fascia, and this only at

the lower part of its course; (2) pectoralis major (at the upper part),

and internal cutaneous nerve; (3) inner head of median. BeliiTui—
(1) Subscapularis

; (2) tendons of latissimus dorsi and teres major;

(3) musculo-spiral and circumflex nerves. On the outer side—
(1) Coraco-brachialis; (2) median nerve; (3) musculo -cutaneous

nerve. On the inner side—{I) Ulnar nerve; (2) nerve of Wrisberg;

( 3 ) axillary vein. The median nerve has a triple relation to this

part of the artery—(1) Its two heads embrace it; (2) it usually lies

above it; (3) it is placed to its outer side. This part of the axiUary
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artery is better fitted for ligature than the parts we have previously
considered—(1) It is twice as long as either of the others; (2) its

lower part (half or third) is simply covered by the common tegu-
mentary structures, and has no muscle in front of it; (3) its branches
come oir well up towards its beginning, and are therefore out of
the way at the point where the artery is usually ligatured. This
is important, because, if the vessel be ligatured too near these
branches, secondary haemorrhage is apt to occur. Therefore, the
ligature should be applied as low down as possible.

PECULIARITIES.— (1) The artery may be covered by a
muscular slip from the latissimus dorsi; (2) in one out of every
ten cases there are two arteries instead of one, the second usually
being one of the arteries of the fore-arm, usually the radial, some-
times the ulnar, and still more rarely, the interosseous. In other
cases, the circumflex, subscapular, and profunda arteries arise from
the third part by a common trunk; (3) the position of the nerves
vary—instead of encircling the axillary artery, they may encircle
a large branch formed by the union of several of the usual branches,
and, in this case, they would therefore be useless as the "deep
guide."

RESUME of the chief points in ligature of third part of
axillary :

—

1. Make an incision, three inches long, at the junction of
the anterior and middle thirds of the axilla, from the
prominence of the coraco-brachialis to the centre of
the hollow of the axilla.

2. At first the incision must go through skin and super-
ficial fascia only, and, if necessary, avoid the basilic

vein at the outer end of the incision.

3. Then open the deep fascia forming the base of the axilla,

. Avhen probably the axillary vein and the median nerve
will present ; then flex the fore-arm, and—

4. Hold the lips of the wound aside and displace the vein
with the internal cutaneous nerve to the inner side,

and the median nerve with the coraco-brachialis muscle
to the outer side.

5. Clear the artery near its termination and ligature, passing
the needle from the inner side.
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Collateral Circulation (soo Fig. 18).—If tied above the sub-

scapular branch, it is the same as when the first part is ligatured.

If tied below this branch, the collateral anastomoses are small,

but usually sufficient— 1. Anastomoses between branches of the

posterior circumflex (9) and the superior profunda (16). 2. Anas-

tomoses between branches of the subscapular (13) and the superior

profunda (16). 3. Anastomoses through the coraco-brachialis, biceps,

and the long head of the triceps—muscidar branches. 4. Through

the shaft of the humerus.

An Axillary Aneurism presents as a pulsating tumour im-

mediately below the clavicle, under the great pectoral or at the

anterior fold of the axilla. There is pain and numbness in the

arm and hand from pressure on the brachial plexus, and oedema

from pressure on the axillary vein; the symptoms have been often

mistaken for rheumatism of the arm and shoulder, and rubbing

and other remedies recommended, without a proper examination.

At first it presses principally on the nerves of the axilla, but as

it enlarges it tends to curve forwards, bulging the anterior wall

before it. lu ligature, special care must be taken not to wound

the axillary vein itself, nor any of its feeders close to their junction

^\•itll it, as air is apt to be sucked in by the aspirating power of

the thorax, and also because the fascia in this region is adlierent to

the vein and prevents its collapse; and for a like reason it'^bleeds

very severely when wounded. The Axillary Vein is formed by the

union of the basilic with the vense comites of the brachial, usually

at the lower border of the subscapularis muscle. Aneurism m this

ret^ion is common on account of the movements of the limb, and

its liability to share the effects of injuries, such as sudden wrenches

and contusions.

BRANCHES.—Of the First Part—(1) The superior thoracic ;

(2) acromio-thoracic, or thoracic axis, situated at the upper border

of the pectoralis minor. From the Second Part— (1) The long

thoracic or external mammary, which runs along in the anterior

fold of the axilla at the loim- border of .the pectoralis minor to the

"mammary region; and (2) alar thoracic. From the Third Part—

(1) The subscapular artery, which ruus along in tlie posterior fold

of the axilla at the lower border of the subscapularis muscle;

(2) posterior circumflex; and (3) anterior circumflex. These two
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encircle the surgical neck of the humerus, and must be carefully

kept in mind in excision of the shoulder joint. The circumflex

nerve accompanies the posterior vessel, and its position should he

kept in mind in cases of supposed contusion leading to paralysis

of the deltoid. As a guide to the other branches of the axillary

remember the position of the pectoralis minor: its ufper border

indicated by a line from the upper border of the third rib to the

coracoid process; its lou:cr border by a lino from the loAvcr border

of the filth rib to the coracoid process.

BRACHIAL ARTERY.

Origin.—It is the" direct continuation of the axillary. Extent.

—

From the lower border of the teres major to a point opposite the

neck of the i-adius—about half-an-inch below the bend of the elbow

—where it divides into radial and ulnar arteries. Course.— Its

course coiTcsponds to a depression along the innfer border, first of

the coraco-brachialis and then of the biceps muscle, or a line drawn
from the junction of the anterior with the middle third of the base

of the axilla to the middle of the bend of the elboAv. It is at first

to the inner side of the humerus, but gradually turns to the front

of that bone; in applying digital compression this relation of the

artery to tTie humerus must be kept in mind, e.g., if it is compressed

at the upper part the pressure must be directed from within out-

wards, if at the lower part from before backwards (Fig. 19).

Relations of the Vessel.—In front—(1) The skin, superficial

and deep fascia; (2) bicipital fascia, with median basilic vein lying

on it; and (3) median nerve crossing from the outer to the inner

side, and occasionally the internal cutaneous at its upper part.

Xote the triple relation of this nerve to the artery—at the outer

side, above; in front, about the middle; and at its wmerside, below.

Behml— (1) The long and inner heads of triceps; (2) insertion

of coraco-brachialis; (.3) brachialis anticus; and (4) musculo-spiral

nerve, with superior profunda artery, lying between it and the

long head of triceps. On the inner side—(1) The median, ulnar, and
internal cutaneous nerves; and (2) basilic vein. On the outer side

—

(1) The median nerve; (2) coraco-brachialis; and (3) biceps.

The vessel may be ligatured— (1) In the upper third of its

course, above the origin of the superior profunda. Hero the coraco-

II
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brachialis is the guide ; the median nerve is to its outer sid(!, and

the ulnar and internal cutaneous to its inner side. The steps of

the operation are precisely similar to ligature of the third part of

the axillary, low down. (2) In its middle third, below the origin

of both the profunda arteries, the point usually selected; the edge

of the biceps is the guide to the vessel and tlie median nerve crosses

it obliquely. (3) In the lower third at the bend of the elbow, and

below the origin of all its branches; it lies between the tendon of

the biceps on the outer side, and the median neiTe on the inner

side, and covered by the bicipital fascia and the median basilic

vein.

Fig. 19.

To SHOW Relation of the Artery to the Humerus.

On tlic I'iglit hand sidu obscn c how the pi'ossuio must ho dii'ected at different

Xrarts in order to eontrol the flow tliruugh tlie vessel.

IN THE MIDDLE OF THE ARM.

Superficial Guide.—The prominence caused by the inner edge

of the biceps. Position of the Arm,—It .should be held, by an

assistant witli \\w rorc-ann fully f.xtended and supinated, the upper
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anil votiited outwards and well abductud and not allowed to rest
on any support, as this is ajot to push up the triceps and displace
the vessel (Heath). The operator shoidd stand behind the arm
on both sides of the body, but may, if lie think it more convenient,
sit between the arm and the trunk in both cases. Incision. This
should be about three inches long, and made on the biceps (and not
exactly over the vessel) parallel with and close to its inner ed"x\
but avoiding the basilic vein. ^Yc divide the skin, fatty tissue,'

and superficial fascia, and then deiine the inner edge of the biceps,
and draw it aside and cut through the deep fascia carefully, as the
bcisihc vein and internal cutaneous nerve are often fouud just beknv
it, to the inner side of the artery, and then look for the deep guide;
the median nerve close to the edge of the biceps, or crossing thw
vessel in the bottom of the -wound from without inwards. I ought
to state that many operators advise that the ^lipotlt of the biceps
shoidd not be opened, as the vessel can very readily be exposed and
tied without doing so. Open the fascia over the median nerve, ;ind
then by means of blunt hooks draw the basdic vein and median
nerve to the inner side, and the biceps to the outer side (the median
nerve may be displaced to the side fouud most convenient), the
assistant who has charge of the arm at the same time bending the
elboAv to relax that muscle. Separate the sheath from the sur-
roimding structures, open it, clear the vessel from its venaj comites,
and pass tlie needle from the nerve, at the same time taking care
iiot to injure the venae comites which often surround the vessel
witli anastomosing loops. The mobility of the vessel, the obliquity
of the various structures, as well as the relation of the artery to
the ba.sdic vein and median and internal cutaneous nerves, makes,
the operation sometimes a little difficidt.

RESUME of the chief points in ligature of the brachial jirtcry
about the middle of the arm :—

1. I'^xtend, abduct, and supinate the arn), take care of the
basilic vein, and then

1. Make an incision three inches long about the middle u\
the arm on tlic edge of the biceps, and then

^3. Open the deep fascia over its inner edge. Ilex the elbi.w,

and displace it outwards.
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4. Divide the fascia over tlie median nerve tlioroliglily so

that it can be displaced easily without dragging the

artery with it, but at the same time take care not to

injure the sheath of the artery.

5. Clear the vessel and tie, passing the needle from the

median nerve.

AT THE BEND OF THE ELBOW.—M'ith the arm well

abducted, and the fore-arm freely supinated and extended, the

operator, standing on the outer aspect of the arm on both sides

of the body, ascertains the position of the median basilic vein and

the tendon of the biceps, and then makes an incision tAvo inches

in length, parallel with and a little above the veiu. The incision

commences half-an-inch above the level of the internal condyle of

the humerus and forms an angle of 45° with the long axis of the

arnij it is to the inner side of the tendon of -the biceps, and must

not be prolonged too for downwards lest the median cephalic vein

be cut. Draw aside the median basilic vein and the internal

cutaneous nerve by a blunt hook, and thus expose the bicipital

fascia; divide this on a director, and then the artery is seen lying

between the tendon of the biceps and the median nerve and resting

on the brachialis anticus. Bend the elbow and draw the structures "

^

on each side aM'ay from the vessel, expose and open the sheath,

carefully clear the vessel, and pass the needle from the nerve.

XoTE.—(1) Unless the incision be made close to the inner edge

of the biceps, the operator may cut down upon the ulnar nerve

Avith its companion, the inferior profunda artery, and mistake the

latter for the brachial. (2) In one out of every five cases there are

two arteries instead of one. (3) The biceps muscle has occasionally

a third head of origin arising between the coraco-brachialis and the -

brachialis anticus, and when this is the case it crosses in front of

the brachial artery near the spot where it is usually ligatured; in .

other cases a slip may be derived from the coraco-brachialis, Avhich

crosses the vessel to join the inner head of the triceps. (4) Several

cases are recorded where the median nerve passed under the artery,

instead of over it. (5) The artery, accompanied by the median

nerve, sometimes passes to the inner condyle and curves round a

prominence of bone (the " supra-condyloid process"), and then

passes beneath or through the pronator radii teres to its usual
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position in front of the bend of the elbow—a condition somewhat
similar to the normal condition in many of the carnivora. In
those who nse crutches this vessel has occasionally been obliterated
by the pressure thus caused. (6) The coraco-brachialis is inserted
into the inner border of the humerus near its middle, and at
this point note the following facts:—(a) The brachial artery lies
upon it; (i) the median nerve crosses the artery at this point;
(c) the internal cutaneous nerve leaves the artery here, passing
forwards to pierce the deep fascia; {d) at this point also the ulnar
nerve leaves the brachial, passing backwards; (e) here the brachial
IS nearest the humerus and is most easily compressed; (/) at this
point the nutrient artery enters the humerus; {g) the inferior
profunda is given off at this point; and lastly, {h) the brachial
is usually ligatured about this region.

Branches.—(1) Muscular; (2) superior profunda, which joinfe
and accompanies the musculo-spiral nerve

; (.3) inferior profunda,
which accompanies the ulnar nerve; (4) nutrient to humerus';
(5) anastomotic branch, which is given off about two inches above
the elbow joint, and divides into two branches—one passes to the
front of the internal condyle, the other passes bAind the joint.

RESUME of the operation at the bend of the elbow:—
1. :\rake an oblique incision beginning half-an-inch above

the level of the internal condyle, parallel with the median
basilic vein, through skin and superficial fascia only.

2. Do not prolong it too far down lest the median cephalic
. vein be divided.

.3. Draw aside the vein and the internal cutaneous nerve
and divide the bicipital fascia on a director.

4. Look for the artery between the tendon of the biceps and
the median nerve.

5. Glear the vessel and pass the needle from the nerve.

Collateral Circulation (see Fig. 18).—This varies according to
the point of ligature. At the upper part, in a general way, it is
earned on by branches from the circumflex (9) and subscapular (13)
artenes, anastomosing with the a.scending branches of the superior
profunda (14), and muscular branches through the various muscles
in the neigh|)ourlioo(l Ligature above the superioi' profunda is
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sometimes followed by gangrene, on account of the anastomoses

between the axillary and brachial being so scanty. Lower down

we have the superior (16) and inferior (20) profundtc above, anas-

tomosing with various branches in the general anastomoses round

the elbow joint, e.g., the superior profunda with the radial recurrent

(22), posterior interosseous recurrent (21), and anastomotic (32);

the inferior profunda (20) with the anterior (33) and posterior (34)

ulnar recurrejits and anastomotic (32). Besides these there is the
,

circulation through the shaft of the humerus and muscles in the

neighbourhood. It will evidently vary, therefore, according as

the vessel is tied between the profunda arteries, below both, or at

the bend of the elbow where it is below all the branches.

It will be well, at this point, to give a brief description of the

Anastomoses round the Elbow Joint (see Fig. 18). There are

seven vessels that take part in this anastomoses:—Three branches

coming down—superior and inferior profundie, and the anastomotic;

and four branches passing upwards— radial recurrent, anterior and

posterior ulnar recurrents, and the posterior interosseous recurrent.

Yox convenience they may be divided into four groups :— 1. In

front of external condyle, anastomoses between— (a) superior

profunda, and {}>) radial recuiTent (22). 2. In front of internal •»

condyle, anastomoses between—(«) the anastomotic branch (32);

(/>) anterior ulnar recurrent (33); and (c) inferior profunda (20).

3. Behind external condyle, anastomoses between— («) the anas-

tomotic branch
; (5) interosseous recurrent ; and {c) the superior pro-

funda (21) 4. Behind internal condyle, anastomoses between

—

(a) the anastomotic branch (32); (?/) posterior ulnar recurrent (34);

and (c) the inferior profunda (20).

RADIAL ARTERY.

This vessel, like the brachial, of which it is the proper con-

tinuation, is quite superficial. Origin.—From the bifurcation of

the brachial at the bend- of the elbow. Extent.—From its point

of origin till it ends in the deep palmar arch. Course.—A line

drawn from the centre of the hollow in front of the elbow joint to

the inner side of the anterior aspect of the styloid process of the

radius will roughly indicate its course. Relations.—In front—Skin,

superficial and deep fascia, cutaneous nerves (especially the external
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cutaneous which lies over the vessel at the point where the "pulse"
is usually felt) and vessels, etc., and it may be slightly overlapped
at the upper part by the supinator longus. On ^kxQ inner side—
(1) Pronator radii teres, above; (2) flexor carpi radialis, below.
On the outer dde—{l) Supinator longus; (2) radial nerve (but
only about the middle third of the vessel). BeUnd—{l) Tendon

Fig. 20.

Relation of Ulnar and Radial Arteries and Nerves.

of biceps; (2) supinator bn^vis; (3) pronator radii teres; (4) flexor
sublimis (radial head); (5) flexor longus pollicis; (G) pronator quad-
ratus; (7) end of the radius. Js'-ote that at the wrist it lies between
the tendons of the supinator longus and the flexor carpi radialis, and
that tlie nerve is oidy in relation to tlic middle third of its outer
side (Fig. 20).
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The vessel may be ligatured—1. In the upper third of its course,

where it lies between the supinator lougus and the pronator radii

teres, resting on the tendon of the biceps, supinator brevis, and

part of the insertion of the pronator radii teres. In a muscu-

lar arm the supinator longus will overlap the vessel considerably.

The radial nerve has no direct relation to this part of the vessel.

Guide.—The line that indicates tbe course of the vessel, or the

inner edge of the supinator longus muscle; find the tendon of

this muscle at the wrist, and trace it up towards the bend of the

arm. The arm should be moderately abducted, and the fore-arm

fully supinated, and either resting on the table or supported by an

assistant; when the muscles are exposed, then the assistant may

flex the elbow to allow of them being held aside by blunt hooks in

the charge of another assistant. The operator stands on the outer

side of the arm on both sides of the body. Incision.—This should

be two or three inches in length, and parallel with the inner edge

of the muscle. Divide the skin and superficial fascia, define the

inner edge of tlie supinator longus, and divide the layer of deep

fascia under the muscle, draw it a little outwards, and the pronator

radii teres inwards, and the artery Avill be seen immediately below

this. Separate the ventc comites, clear the artery, and ligature. "\

7\s the radial nerve has no close relation to this part of the vessel,

it matters but little how the needle is passed.

RESUME:—
1. ^[ake an incision two inches long in the course of the

vessel, avoiding as far as possible the large subcutaneous

veins.

2. Divide the deep fascia and define the edge of the supinator

longus.

3. Flex the fore-arm and wrist, separate the supinator longus

and pronator radii teres.

4. Clear the artery and ligature.

2. In tlie middle third, where it lies between the supinator

longus and the fleshy belly of the flexor carpi radialis, resting on

the lower part of the insertion of tlie pronator radii teres, flexor

siiblirais, and flexor longus poUicis. The radial nerve lies on the

outer side of, and close to, the vessel. The guide to the artery
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and the steps of the operation are almost precisely similar to those

of the previous operation. The incision need not be quite so long,

and, as the nerve lies on the outer side and close to the vessel, the

needle should be passed from the nerve.

3. In the lowep third, where it lies between the tendons of the

supinator longus and the flexor carpi radialis, resting on the flexor

longus poUicis, pronator quadratus and the end of the radius. The
radial nerve has by this time left the artery to pass to the back

of the hand, and therefore lies considerably to its outer side. Make
an incision two inches in length in the middle of the space,

bounded by the supinator longus on the outer side, and the flexor

carpi radialis on the inner side ; at this point the artery may be felt

pulsating. Divide the skin, fascia, cutaneous vessels, and nerves

(usually one of the terminal branches of the musculo-cutaneous

nerve lies over the artery). When the deep fascia is divided, the

artery is seen with its venae comites ; avoid these in clearing the

vessel and in passing the needle. Complete the operation in tlie

usual manner, passing the needle from the side most convenient.

4. At the root of the thumb (in the " anatomist's snuff-hox").

From the anterior aspect of the radius, the artery passes round the

root of the thumb to the first interosseous space, where it disappears

between the two heads of the first dorsal interosseous muscle

(ahdudor indicis); it lies on the external lateral ligament of the

wrist joint, scaphoid and trapezium, covered hij the skin and fascia,

the large radial vein, filaments of the radial nerve, and the three

extensors of the thumb—ossis metacarpi, primi internodii, and
secundi internodii. It is accompanied by its venaj comites and a

twig from the musculo-cutaneous nerve. With the hand held by
an assistant in a position midway between pronation and supination,

the operator makes an incision an inch and a half in length from
the posterior part of the root of the styloid process of the radius to

the base of the metacarpal bone of the thumb, external to the large

vein, and almost parallel with the tendon of the extensor secundi.

The first incision divides the superficial structures, but should not

injure the vein already mentioned. Divide the deep fascia, hold

the tendons aside, when the artery Avith its venaj comites and a

small nerve Avill be seen crossing tlie wound obliquely. Separate

the venie comites and tie the vessel in tlie usual manner.
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PECULIARITIES.—Not imfrequently tlio radial takes its origin

from the brachial, sometimes from the axillary. It has been seen
more superficial than usual, lying above the deep fascia and the
su])inator longus muscle.

Branches.—Its branches in the fore-arm are—(1) The radial

recurrent
; (2) superficialis volfB. This vessel usually arises just as

tlie radial is about to wind round the wrist; it is usually small, and
ends in the muscles of the thumb, but sometimes it is as large as

the continuation of the radial, and arises much higher up ; under
these circumstances, the two run side by side for a little way, and
form M'hat has been called the " douhle pulse." (3) Muscular

;

(4) anterior carpal. At the wrist—(1) Posterior carpal; (2) meta-

carpal, ox first dorsal interosseous; (3) dorsales poUicis
; (4) dorsalis

indicis. In the hand— (1) Princeps poUicis; (2) radialis indicis

;

(3) perforating
; (4) interosseous.

Collateral Circulation (see Fig. 18). — Chiefly by the ubiar

artery and its branches.through the palmar arches (31, 31a). The
anastomoses here are so free that, if the radial is wounded, a

ligature must be applied on both sides of the wound.

ULNAR ARTERY.

Origin.—From the bifurcation of the brachial at the bend of the

elbow. Extent.—From its point of origin tUl it ends in the super-

ficial palmar arch. Course.—It first passes downwards and inwards,

and then straight downwards. The course of the straight part may
be indicated by a line drawn from the inner condyle of the humerus

to the inner side of the pisiform bone. Relations.—This vessel,

unlike the radial, is at first very deeply placed. Jjo. front—(1) The

superficial structures
; (2) crossed by the median uerve at its upper

part
; (3) the following four muscles

—

{a) pronator radii teres,

[h) flexor carpi radialis, (c) palmaris longus, {d) flexor sublimis

digitorum. Behind—(1) Brachalis anticus
; (2) flexor profundus

digitorum. To its inner side— (1) Flexor carpi ulnaris
; (2) ulnar

nerve (for its loAver two-thirds). To its outer side—The flexor

sublimis digitorum.

ISToTE.—At the wrist it lies between the tendons of the flexor

sublimis digitorum and the flexor carpi ulnaris, and that the nerve

is on its inner side for the lower two thirds (see Fig. 20). It may



Surgical, Medical, and Operative.

l)e ligatured at its middle or lower tliird ; tlio upper third is too

deeply situated to admit of ligature except in the case of a direct

wound of the artery.

1. At its Middle Third.— Guide— Tlie inter-muscular septum

and groove between the fleshy bellies of the flexor carpi ulnaris,

and the flexor sublimis digitorum ; search for the tendon of the

flexor carpi ulnaris and follow it up towards the. bend of the elbow

and make an incision two or three inches in length, either parallel

with the edge of the flexor carpi ulnaris or somewhat obliquely

across its course. We may also use the line that marks the course

of the lower two thirds of the artery as our guide. The position

of the arm is the same as that for ligature of the radial, and the

Surgeon stands on the outer side of the limb in both cases. Divide

the skin and superficial fascia only by the first incision, and then

search for the inter-muscular septum between that muscle and the

flexor sublimis, and forcibly separate them ; this is the first inter-

muscular space found in passing from the posterior edge of the ulna

round the front of the fore-arm. At this stage an assistant should

flex the wrist to allow.ihe muscles on each side to be hold aside

with blunt hooks by another assistant. At the bottom of the wound
the ulnar nerve is ex^posed, and the' arfrei^," with its vena:' comites

on each side, "will be found to the outer side of the nerve. Pass

the needle from the nerve, and complete flie operation in the usual

manner.

RESUME:—-
1. Make a slightly-oblique incision across the course of the

• vessel well to tl|e inner side of the arm.

2. Divide the deep fascia, and find tlie first inter-muscular

space from the ulhar-^ edge of the arni.

3. Separate the flexor carpis ulnaris from the flexor sixblimis.

4. Flex the wrist and fore-arm, hold the sides of the wound
apart, when the artery be found between the two

layers of muscles.

T). The nerve is seen to tlie inner side of the artery.

G. Clear the vessel and pass the ligature from tlie nerve.

2. At its Lower Thirti.— Here the artery is cpiite superficial,

and lies betAveen the tendoais of*tho flexor carpi ulnaris and flexor
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sublimis digitoruui. Superficial Guide—Tendon of the flexor carpi
ulnaris

; the pisiform bone, into which it is inserted, forms a sure
guide to the tendon. Or the line that marks the course of the
vessel may be taken as guide. Incision.—Make an incision two
inches long parallel with the tendon, but a little external to it.

I5y this incision the skin and superficial fascia are divided ; then
divide the inter-muscular layer of deep fascia, flex the wrist and
draw aside the tendons, when the artery and nerve will be exposed
to view. The Deep Guide is the ulnar nerve, which lies imme-
diately internal to the artery. Bend the Avrist, and draw the tendon
of the flexor carpi lUnaris to the inner side, and then isolate the
vessel, taking care of the vense comites, and ligature in the usual
manner, the needle being passed from the nerve, which lies to its

inner side.

PECULIARITIES.—The artery not unfrequently arises from the

brachial, sometimes from the axillary. "^AHien its origin is high up
it usually passes superficially to the flexor muscles of the fore-arm,

just beueatli tlie deep fascia.

Branches.—The more important branches are—(1) Anterior,

and (2) posterior ulnar recurrents
; (3) common interosseous, and

(4) profunda brancli, which is given olf just beyond the pisiform

bone, and dips down between the abductor minimi digiti and flexor

brevis minimi digiti, and anastomoses, with the radial, completing

the deep palmar arch. For the termination of the recurrent branches

see "Anastomoses round the Elbow Joint" (page 102). Other

branches are (5) anterior and (6) posterior carpals, and (7) digital.

Collateral Circulation (see Fig. 18).—Chiefly from the radial

and its branches through the palmar arches (30, 31«).

PALMAR ARCHES.

(«) Superficial Arch (see Fig. 18, -S'ia).—This is the direct con-

tinuation of tlie ulnar artery. It forms an arch with the convexity

downwards, and is completed on the radial side by the superfidalis

voice branch of the radial artery, or, probably more frequently, by
the radialis indicia branch of the same artery. It lies beneath tlie

integumentary structures and palmar fascia, and rests on the digital

arteries and nerves and tendons of the flexor sublimis digitorum.
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{b) Deep Palmar Arch (see Fig. 18, 51).—This is the direct

continuation of the radial artery, and is completed on the ulnar

side by the profunda branch of the ulnar artery. It lies deeply,

and, in addition to the structures covering the superficial arch, is

covered by the digital nerves and arteries, and tendons of the

sui)erficial and deep flexors of the fingers and some of the muscles

of the little finger and thumb. It rests on the palmar interossei

and metacarpal bones near their carpal ends.

Position of the Arches.—The Superficial—Extend the tlmmb
till it. lies at riglit angles to the hand, and then draw a line across

the palm on a level Avith its lower margin ; this line should touch

the lowest part of the convexity of the arcb. The Deep Arch lies

fully a finger's breadth nearer the carpus. To expose the superficial

arcb in its ulnar portion, make an incision over it an inch in

length and slightly oblique, from the radial to the ulnar side, with

its centre opposite the ring finger, and parallel witli the palmar

outline of the ball of the thumb.

Branches.—(«) From Superficial Arch are given ofl'—(1) Four
digital arteries which supply the little finger, the ring finger, middle

finger, and the ulnar side of the index finger. These vessels bifur-

cate half-an-inch above the clefts betAveen the fingers. (2) The
deep or communicating branch; (3) recurrent brandies which pass

upwards toAvards the annular ligament, {li) From the Deep Arch

—

(1) Eecurrent branches Avhich ascend and anastomose with branches

from tlie anterior carpal arch
; (2) superior perforating, three in

number, which pass baclcAvards through the upper part of the last

three interosseous spaces, to anastomose with the dorsal interosseous

arteries
; (.3) the palmar interosseous arteries, three in number, Avhich

lie in front of the palmar interosseous muscles, and anatoraose

at the cletts of the fingers, Avith the digital branches from the

superficial arch. The Anterior Carpal Arch is formed by the

anterior carpals of radial and ulnar; it anastomoses on the one

liand AWth the anterior interosseous, and on the other Avith the deep

palmar arch. The Posterior Carpal Arch is formed by the posterior

cari)als of radial and ulnar. From this arch are given off descendwij

branches, the dorsal interosseous arteries for the tliLrd and fourth

interosseous spaces, Avhicli anastomose Avith the posterior perforatijig

branches fruni the deep palmar arch ; it also gives oil' ascending
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Ijninches to anastomose with the braiicli of the anterior interosseous

artery, found on the posterior surface of the fore-arm. The Deep

Palmar Arch communicates with—(1) The anterior interosseous

and anterior carpal arch
; (2) digital brandies of the superficial

arcli
; (3) with branches of the posterior carpal arch. It will b(!

seen, therefore, that the various vessels about the M'rist and palm

anastomose with great freedom.

If botli the radial and idnar arteries are ligatnred, the blood

reaches the palm from the anterior and posterior interosseous

arteries through the anterior and posterior carpal arches, which

communicate with the deep palmar arch. There is usually a small

artery accompanying the median nerve into the palm f'" comes nerci

vicdiaiti " ), but this branch is sometimes uf large size, and jouis the

Fig. 21.

The Graduated Compress.

Tlic C'uMiiircss.

superhcial palmar arcli. It arises from the anterior interosseous,

and it is well to bear in mind the possible existence of this branch.

Hence it is not advisable to tie the radial and ulnar aiteries for

wounds of the palmar arches, as the blood will still reach the

wound. It is better to ajjply a graduated compress or plug (Fig. 21),

together Avith acute flexion of the wrist and elbow joints, as we

M-ish, as far as possible, to avoid an extensive wound of the palm,

on account of the resulting cicatrix. The objections to the pal-

mar incision are the following :—(l) It would have to bo more

extensive than in other parts of the body, because incisions made

into the palm of the hand and the sole of the foot show but

little tendency to gape, as the skin is firmly adherent to the fascial
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textures. (2) Tlie resulting cicatrix, especially in the liand uf a

working - man, is subjected to constant irritation, and probably

fifteen to twenty years of such, irritation will result in an epithe-

lioma, besides frequently being painful and showing a tendency to

ulcerate in the meantime.

Should this be insufficient to control the haemorrhage, it is better

at once to ligature the brachial, as it is more effectual and not more

difficult than the double operation of tying the radial and ulnar

arteries above the wrist. As, however, iu many cases the artery is

only wounded, it is evident that before resorting to severe measures,

one should make certain that the vessel is completely cut across.

This can easily be done througli the original wound, and then very

likely the artery will contract and retract sufficiently to allow the

blood to clot and stop further haimorrhago. The deep palmar arch,

hoAvever, may be readily ligatured from the dorsum, after excision

of the upper end of the thii'd metacar])al bone (Delorjik).

In the palm, the digital arteries and nerves lie on the interos-

seous muscles hetween the metacarpal bones, and, therefore, incisions

iu this -.region should bo made over these bones. The arteries are

superficial to the nerves, and they bifurcate fully half-au-inch from
the clefts of the fingers, or about the level of tlie fold in the palm
formed by the flexion of the fingers at the metacarpo-phalangeal

joints. The most internal branch, however, does not bifurcate, but
runs along the ulnar side of the little finger ; the other branches run
along the sides of the fingers, nearer the anterior than the posterior

aspect, and must be avoided should it be necessary to make incisions

along the sides of the fingers. The relation between the nerves
and the arteries diflers in the palm and in the fingers : iu the palm
the arteries are superficial to the nerves, but in the fingers they arc

deeper than the nerves,

RESUME of the luethods to be adopted in the treatment oJ'

cases of hieraorrhage from the palmar arches :

—

1. Make sure that the artery is more than wounded, see that

it is completely divided
;

for, true to one of Nature's

great laws, the very agencies which are appointed for

the conservation of the individual become, when per-

verted, his destruct'ion. TTcnce, M'lieu only wounded
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(Fig 22), the contraction and retraction serve to make

the wound larger (Fig. 23), hut when completely

divided they seal up the ends of the vessel. This is

Fig. 22.

Wounded Artery.

i,ijii«,i^miillitoliiii.ihih;M^

Lest seen in cases where the wound is transvei'se in

direction; it is less marked when the wound is ohlique,

and least of all when it is longitudinal.

Fig. 23.

Wounded Artery.

t

To slu)W how tho iittcmvts iit coiitviictiou iind rotnictiou oiicii up tUo wouucl.

2. Next try the graduated compress. First command the

brachial artery so as to stop all bleeding, clear out

the wound, and apply the pads of lint dry, because

if applied moist they act as a poultice and encourage

bleeding. The compress must be conical in shape, the

narroM' end resting against the bleeding vessel, the pads

becoming larger and larger as the surface is approached;

then apply a mass of antiseptic wool, and a bandage

over all. The compress may be kept on for twelve

hours. In using this method for the artificial arrest of

hemorrhage, it is necessary that there should be some-

thing firm behind the vessel ; in the case of the palmar

arches we have the metacarpal bones. The pressure

exercised need not be great : it has been found that

pressure equal to a quarter of an ounce, properly

applied, will stop the bleeding.
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3. jN^ext, Avith or Avitliout the above, use acute flexion of tlie

clboAY joiut over a pad of wool, coupled at the same
time with flexion of the Avrist joiut.

-1. Lastly, Avhen everything else fails, ligature the brachial

artery in tlie middle of the arm. It might be tied at

the bend of the elbow, but it is better to avoid a

cicatrix near the flexure of a joint. Take care that

there are not two arteries instead of one to tie.

:Many objections are urged against the graduated compress-
that it is the cause of sloughing, septic inflammation among the

tendon sheaths, etc. Eut the pressure required is not great, and
it is possible to use an antiseptic compress. An effort can also

be made, if possible without enlarging the wound, to secure the
bleeding ends by forcipressure, leaving the forceps attached for

twenty-four hours; but flexion of the joints, with elevation of the

limb, as above described, will probably be found sufticient. Com-
pression of the radial and ulnar arteries by means of acupressure
needles has also been recommended.

t
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CHAPTER X.

ARTERIES OF THE ABDOMEN.

The Abdominal Aorta—This vessel has been tied several times

immediately above its point of bifurcation, or between that point

and the origin of the inferior mesenteric artery-, but without suc-

cess; all the patients having died within periods varying from a few

liours to ten days, the greater number having died within twenty-

four hours. It is usually tied behind the peritoneum, although

Sir AsTLiiY Cooper, who was the first to tie the vessel, made Ms

incision through the peritoneum. Aneurism usually occurs near

the coiliac axis, or at tbe bifurcation ; tbe genito-crural, anterior

crural, and external cutaneous nerves may be pressed upon, giving

rise to pain in the course of the nerves. The aneurism must be

diagnosed from a mass of f;eces in the transverse colon, lordosis

pushing tbe artery forwards, from masses of enlarged glands, and

abdominal tumours over the aorta. Origin.— It is the direct

continuation of the descending thoracic aorta. Extent.—From the

front of tbe body of the last dorsal vertebra to the left side of tbe

body of the fourth lumbar vertebra, where it bifurcates into tbe

common iliacs, a little to tbe left of the mesial line. Its point of

bifurcation corresponds very nearly to the highest part of the crest

of tbe ilium, or about an inch below and a little to the left of the

umbilicus. Course.—From the middle line, at its origin, to a

point a little to tbe left of the same line at its bifiu-cation ;
or,

from the apex of the arch formed by the tenth rib on the left side,

to a point slightly internal to the anterior superior iliac spine.

Relations.—In fro7it—{l) The transverse part of the duodenum

;

(2) peritoneum; (3) aortic plexus of nerves; (4) lesser omentum and

stomach; (5) branches of ca?liac axis and solar plexus
; (6) splenic

vein
; (7) pancreas

; (8) left renal vein
; (9) mesentery and small



Surgical, Medical, and Operative. 131

intestines. On its left dde—T\\Q left gangliated cord of tlie sym-
pathetic and left semi-lunar ganglion. On its rirjM side—(l) The
inferior vena cava; (2) vena az^^gos major; (3) receptaculum chyli.

Behind it we find—(1) The left lumbar veins
; (2) the vertebral

column and thoracic duct; (4) right crus of diaphragm; (5) right
semi-lunar ganglion.

INCISIONS.— First form, through the peritoneum (Sir Astley
Cooper). Make a straight incision four or five inches long ki the
middle line, curving round the umbilicus, which should correspond
to the centre of the incision. Divide the skin, superficial fascia,

and aponeurosis forming the linea alba ; then stop every bleeding
vessel, and after this cut through the transversalis fascia, extra-
peritoneal fat and peritoneum. Push the small intestines to the
right side, and again divide the peritoneum as it covers the aorta

;

carefully separate the aortic plexus from the vessel, isolate it also
from the inferior vena cava, which lies to its right side, and pass
the needle from the vein.

Second form, without M'ounding the peritoneum (Murray).
Make a semi-lunar incision five inches long on the left side of the
abdomen, commencing a little below the anterior superior iliac spine,
and fully an inch above Poupart's ligament, and carry it at first

upwards and outwards, and then curving slightly forwards towards
the umbUicus, end a little below the tenth rib. The Structures
divided and the method of operating are similar to those described
under ligatiu-e of the common iliac arteries (see page 136). The
operator stands on the right side.

Branches.—The most important branches, from a surgical point
of view, are:—(1) The cceliac axis, the origin of which corresponds
to a point four or five inches above the umbilicus ; it is a short
trunk, and soon divides into the gastric, hepatic, and splenic

;

(2) the superior mesenteric which arises about a quarter-of-an-inclx
below the cceliac axis

; (3) the renal arteries, which correspond to
a point three and a half inches above tlic umbilicus ; and (4) the
inferior mesenteric, about one inch above the umbilicus.

Collateral Circulation (see Fig. 24)— 1. The deep epigastric
branch (9) of the external iliac anastomosing with the terminal
brandies of the internal mammary branch (5) of the first part of the
subclavian and tlie aortic intercostuls (2). 2. The deep circumficx
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Fig. 24.

Collateral Circulation of the Abdomen.

(Artci- Smith and Wai.siiam.)

,--'3
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Explanation of Fig. 24.

1. Thoracic branches of tlie axillary.

2. Anastomoses between tlie internal mammary and
the aortic intercostals.

3. Subclavian artery.

4. Aorta.

5. Internal mammary.
6. Last Inmbar artery.

7. Aorta.

8. The common iliac.

9. The deep epigastric.

10. The middle sacral artery.

11. Ilio-lumber artery.

12. Gluteal artery.

13. The external iliac.

14. The lateral sacral.

15. Pubic branch of deep epigastric.

16. Anastomoses between the visceral branches of the
internal iliacs.

17. Pudic arteiy.

18. Anastomosis between the lateral and the middle
sacrals.

19. Sciatic artery.

20. Deep circumflex iliac.

21. Ascending branch of the external circumflex.

22. Femoral artery.

23. Obturator artery.

24. Anastomosis between obturator and sciatic.

25. Piibic branch of obturator anastomosing with the
pubic branch of the deep epigastric.

26. Internal circumflex.

. 27. External circumflex.

28. Comes nervi ischiadici.

29. Profunda artery.

30. First perforating.

31. Descending brancli of tlie external circumflex.

32. Second perforating.

33. Xutrient artery of femur.

34. Tliird perforating.
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iliac branch (20) of tlie external iliac and ilio-lumbar (11) of the

internal iliac anastomosing with the lower intercostals (2) and

lumbar arteries (6) of the aorta. 3. The superior hremorrhoidal

termination of the inferior mesenteric anastomosing with the lateral

sacral (14) and middle hseraorrhoidal l)ranches of the internal iliac

and middle sacral (10) of the aorta. 4. The extra-peritoneal plexus

of Turner, which he describes as a wide-meshed plexus of small

arteries lying in the fat outside the peritoneum. Above, it com-

iminicates with the perforating branches of the renal arteries, small

t\v?|||^f the capsular, spermatic, colic, and pancreatic arteries, and

betoif with the lower lumbar arteries, and with the ilio-lumbar,

ci^HUglex iliac, and epigastric branches of the iliac arteries.

.5. Spermatic artery from the aorta anastomosing with the branches

of the internal iliac to the ureter and vas deferens. G. In the

female, the ovarian anastomosing with the uterine.

In treating aneurism of this vessel by Compression, the vessels

of the kidney, the hypogastric plexus, the intestines, and the

peritoneum are all apt to be pressed upon, giving rise to the

presence of blood and albumen in the urine, suppression of urine,

and peritonitis. Take care that the bowels are empty, and place

a soft, hollow sponge below the tourniquet, and if the patient show

signs of syncope slacken; vomiting, etc., may make it slip off the

vessel. LoRETA has cured an abdominal aneurism by passing wire

into the sac through a small canula.

COMMON ILIACS.

Origin.—From the bifurcation of the abdominal aorta at the left

side of the body of the fourth lumbar vertebra. Extent.—From

its point of origin to the lumbo-sacral articulation, where it divides

into internal and external iliac arteries. Each common iliac is

about two inches in length, but varies from three-quarters of an

inch to three inches ; the rujU is necessarily a little longer than

the left, because the point of division of the abdominal aorta is

slightly to the left of tlie median line. The right is also somewhat

larger than the left. Course.—Its course corresponds to the upper
'

third of a line drawn from a point three-fourths of an inch below

and a little to the left of the umbilicus, to a pomt midway between

the symphysis pubis and the anterior superior iliac spine.
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Relations.—The relations differ somewhat oii the two sides.

Right Common Iliac.—This vessel rests against its own vein

at the lower part, and at the ujjper part crosses the vein of the

opposite side. In front there are—(1) The small intestines (end of

the ileum and caecum); (2) peritoneum; (3) sympathetic nerves;

(4) crossed by the ureter near its termination (on the right side,

however, the ureter often crosses the external iliac, not the common).
On its outer side are—(1) The right common iliac vein

; (2) the

commencement of the vena cava inferior. Its internal relations are

unimportant. Left Common Iliac.—The left common iliac rests on

the psoas magnus. In front are—(1) The rectum and the sigmoid

flexure; (2) peritoneum; (3) symjDathetic nerves; (4) crossed by
the ureter near its termination, and the inferior mesenteric vessels.

Fig. 25.

Iliac Arteries and Veins.

On its outer side is the psoas magnus. On its inner side, the
left common iliac vein. The relation of the common iliac

veins to their corre.sponding arteries should be noted (Fig. 25).

The inferior vena cava is formed by the union of the two common
iliac veins on tlie rir/ht side of the vertebral column, and both
veins lie on the right side of, and on a plane posterior to, their

(:r)rresponding arteries. On the r/'ght side tlie vein is at first
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beneath and then to the outer side of the arteiy. The left vein

lies entirely to the inner side of the left artery, and then passes

beneath tlie riglit common iliac artery to unite with the vein of the

opposite side in the formation of the inferior vena cava, at the right

side of the fifth lumbar vertebra. The relation of the veins is a

great trouble, and complicates the operation very much, more

especially on the right side. In ligature of the arteries of the

abdomen, the bowels must be well cleared out, and all hair shaved

off the abdominal wall near the site of the incision. In cases of

flatulence after the operation use a soap and water enema, containing

a tablespoonful of turpentine, to dispel it.

Position of Patient.—On his back with his shoulders raised,

his thighs somewhat flexed, and a small pillow under the loin of

the side to bo operated upon. The operator stands on the side

to be operated upon. An assistant at first simply keeps the

abdominal muscles moderately tense, but during the later stages of

the operation, when the peritoneum is stripped from the iliac fossa,

he must bo prepared to turn the patient round a little more on the

sound side, and then with two broad copper spatulte to hold the

abdominal muscles, the peritoneum, and intestines out of the way.

of the operator, for the wound is deep, and the intestines are apt

to roll back into it and embarrass the operator.

Incision.—Make a semi-lunar incision about five inches in length,

beginning about an inch below and an inch and a half internal to

the anterior superioriliac spine, at first passing upwards and outwards

for two and a half inches, and then upwards and slightly inwards

towards a point midway between the umbilicus and the ensiform

cartilage, as far as may be deemed necessary. Parts cut through

—

(1) Skin; (2) superficial and deep fascia; (3) the aponeurosis of

the external oblique muscle; (4) internal oblique; (5) transversalis

muscle; (6) then the dull white transversalis fascia—in dividing

this fascia, raise a small part at the hywer end of the Avound with

the forceps, and make a smaU incision with the edge of the knife

held horizontally, just as in opening tlie sheath of an artery, and

afterwards enlarge tliis opening with a probe-pointed bistoury, a

linger being introduced and the peritoneum detached, or, perhaps

better, open it on Spence's hernia director. The special advantages

.of this diyector for the operation under consideration arc that it is
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broad and flat, with, tlie edges well rounded, and has a very blunt

point, so that it is not likely to injure the peritoneum or intestines

during its introduction; and, further, the groove does not go quite

up to the end, so that even should the peritoneum fold a little over

its end it is not likely to be injured. This care is necessary in

opening the transversalis fascia lest the peritoneum be wounded

;

it may, if preferred, be torn with the fingers instead of using the

director and knife. The i3atient is now to be turned well over on

the sound side, and the peritoneum is then separated carefully from

the iliac fossa until the brim of the true pelvis is reached and the

external iliac found, which will guide to the parent trunk, or the

promontory ofthe sacrum and sacro-iliac synchondrosis may be taken

as the guides, if the artery is approached from above. The position

of the spermatic vessels and the genito-crural nerve as they cross

the external iliac must be kept in mind, and also the ureter,

which crosses the end of the common or the beginning of the

external Uiac; but the ureter and spermatic vessels are usually

more or less adherent to and follow the peritoneum as it is

stripped up
,
and pressed forwards. The needle should be passed

from the vein— that is, in ligature of both vessels, from right

to left. The clearing of the vessel is a difficult proceeding, but
it must be done as carefully and well as possible by the finger

nail or director. Some use an ordinary needle, while others

prefer the helix or rectangular one ; on account of the depth
of the vessel the needle had better be passed threaded. The
incision must not be carried too low down or too far forwards, lest

the deep circumflex iliac or the deep epigastric arteries be wounded,
or even the structures passing through the internal abdominal ring.

A branch of tlie deep circumflex iliac (or the artery itself) will be
found between the transversalis and the internal oblique muscle,

and must be secured at once. This vessel also serves as a useful

landmark indicating the depth to which the incision has been
carried.

Ligature of the common iliac may bo rendered necessary 0]i

account of— (1) Aneurism of the external or internal iliacs;

(2) hiemorrhage from the same vessels, oitlier as the result of a

wound (e.f/., a gunsliot wound or stab) or a surgical operation
;

(•")) secondary hajmorrliago after* amputation of the upper part of
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the tliigli. The operation, is in itself a serious one, and in addition

to the dangers dependent on the magnitude of the operation and
the vessel tied, there is a further risk of inducing fatal peritonitis.

The form of the incision will vary according to the point at whicli

we wish to apply the ligature, and also upon the size of the aneurism.

In every case the centre of the incision should be opposite to the

point at which we M'ish to secure the artery.

Collateral Circulation (see Fig. 24). — 1. The deep epigastric

branch (9) of the external iliac anastomosing with the internal

mammary branch (5) of the subclavian and the aortic intercostals (2).

2. The deep circumflex iliac branch (20) of the external iliac and

the ilio-luinbar (11) of the internal iliac anastomosing Math the

lower intercostals (2) and lumbar branches (6) of the aorta. 3. The

lateral sacral (14) from the internal iliac anastomosing with the

middle sacral (10) of the aorta and the superior htemorrhoidal of

the inferior mesenteric. 4. The pubic branch of the deep epigastric

(15) with the pubic branch of the obturator (25). 5. The visceral

branches of the internal iliac of the side tied anastomosing with the

corresponding branches of the opposite side (16).

THE INTERNAL ILIAC.

Origin.—From the bifurcation of the common iliac at the

lumbo-sacral articulation. Extent and Course.—From its point of

origin it passes down almost immediately into the pelvis, and at the
,

level of the great sacro-sciatic notch it divides into anterior and

posterior trunks, Avhicli supply the pelvic walls and viscera. It is

a s'liori, TslSjiBk vessel, about an inch and a half in length (but may

vary from half-an-inch- to three inches), and is much smaller than

the external iliac. In the foetus the internal iliac is called the

hypogastric artery, and is twice as large as the external. It carries •

the blood from the foetus to the placenta to be purified, and might,

therefore, be looked upon in the same light as the pulmonary artery

in the adult. Outside the belly of the child in utero the two

vessels twine round the umbilical vein, and are known as the

umbilical arteries. After birth the greater part of the vessel is

obliterated, and only remains as a fibrous cord; a small part of its

root, however, remains pervious, and is known as the superior

vesical artery. Relations.— In front are— (1) The peritoneum :
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(2) it is crossed by the iireter. Beliind are—(1) The internal iliac

vein; (2) the lumbo-sacral cord; (3) part of the pyriformis. On
tlie Older side it rests against the psoas magnns and external iliac

vein. To its inner side, at the iipper part, is the internal iliac vein

(the internal iliac veins both lie internal to their corresponding

arteries) (see Fig. 25). The steps in the operation for the ligature

of this vessel are precisely similar to those for the ligature of the

common iliac (see page 136); and the bifurcation of the common
iliac being found, the internal iliac is traced from it down into

the pelvis. Great care is necessary, when the artery is exposed, in

passing the ligature, on account of the close relation of—(1) The

ureter (which crosses it, but is usually turned aside with the peri-

toneum); (2) the external iliac vein, on its outer side; and (3) the

internal iliac vein, on its inner side, or behind it.

BRANCHES.— {A) From the Anterior division— 1. Visceral,

to pelvic viscera

—

{a) The superior vesical—this vessel is found

in the posterior false ligament of the bladder, and gives off the

uriery to the vas deferens; (h) the inferior vesical
;

(c) the middle

hsemorrhoidal—this vessel usually springs from the inferior vesical.

In the, female there are two additional arteries— uterine and
vaginal. 2. Parietal, to walls of pelvis

—

(a) Obturator, (b) pndic,

(c) sciatic. (B) From Posterior division they are all parietal

—

(rt) Ghiteal, (h) ilio-lumbar, (c) lateral sacral.

Collateral Circulation (see Fig. 24).— 1. Middle sacral (10),

from the aorta, anastomosing with the lateral sacral (14), from the

internal iUac. 2. Superior htemorrhoidal, from the inferior mesen-

teric, anastomosing with the middle hsemorrhoidal, from the internal

iliac, and inferior hsemorrhoidal from the pudic. 3. The sciatic (19),

from the internal iliac, anastomosing with the internal circumflex

branch of the profunda (26), from femoral. 4. The gluteal (12),

from the internal iliac, anastomosing with the ascending branch

of the external circumflex (21), from the profunda. 5. The pubic

brancli of the deep epigastric (15), anastomosing with the pubic

branch of the obturator (25). 6. The ilio-lumbar (11), from the

internal iliac, anastomosing with the lower lumbar arteries (G), aird

deep circumflex iliac (20). 7. The other visceral branches of tlie

internal iliac, not included in the above list, Avith the corresponding

branches from the other side (IG).
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The internal iliac has been tied for aneurism of its branches

and for wounds. It was first tied by Stevens, of Vera Cruz, in

1812, for aneurism of the nates—the woman lived for three years

after the operation. He made an incision five inches long, external

to and parallel with the deep epigastric artery. Considering the

serious nature of the operation, it has been wonderfully successful

—probably on account of the free collateral circulation preventing

any tendency to gangrene.

The Gluteal, Sciatic, and Pudic Arteries.—These three branches

of the internal iliac artery are found in the gluteal region, beneath

the gluteus maximus muscle. They all emerge from the pelvis,

through the great sacro-sciatic foramen. The trunk of the Gluteal,

which is about the size of the ulnar artery, at first lies between the

lumbo-sacral cord and the first sacral nerve, and then passes into

the gluteal region lying between the pyriformis and the gluteus

minimus muscles, where it divides into a superficial and a deep

division. The suim'ficlal part is distributed to the under surface

of the gluteus maximus ; the deej} divides into superior and inferior

branches—the superior runs along the middle curved line between

the gluteus medius and minimus, and anastomoses with the ascend-

ing branch of the external circumflex artery; the inferior crosses

the gluteus minimus to the great trochanter. The Sciatic artery

appears below the pyriformis; it is larger than the gluteal artery.

It anastomoses Avith the external and internal circiunflex branches

of the profunda femoris. Its branches are—(1) Muscular, or in-

ferior gluteal, to gluteus maximus; (2) coccygeal; (3) comes nervi

ischiadici; (4) anastomotic. The Pudic artery is seen close beside

the sciatic—this vessel is found in three regions—(1) In the cavity

of the pelvis; (2) in the gluteal region; and (3) in the perineum.

It winds out of the great sacro-sciatic foramen, crosses over the

spine of tlie ischium, and re-enters the pelvis by the lesser sacro-

sciatic foramen above the tendon of the obturator internus. As it

lies on the spine of the ischium it has a vein on each side, tlie

nerve to the obturator internus on its outer side, and the pudic

nerve internal to it. It is found in the outer wall of tlie ischio-

rectal fossa, within a sheath of the parietal pelvic fascia, and lies

about an inch and a half above the lower border of the tuberosity

of the ischium. It is accompanied by two veins and the pudic
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nerve, the nerve "being at tlic loAver part. The artery is next foimd

hetwecn tlic two layers of the triangular ligament, and finally

pierces the anterior layer, half-an-inch from the pubic arch, and

ends by dividing into the artery to the corpus cavernosum and the

dorsal artery of the penis. Its branches are—(1) Inferior hajmorr-

hoidal; (2) superficial perineal; (3) transverse jDcrineal; (4) artery

to the bidb; (5) artery to the corpus cavernosum; (6) dorsal artery

of the penis. It will be noticed that this artery or its branches arc

involved in many surgical operations, as—operations on the penis,

perineal lithotomy, operations about the anus, lower part of rectum,

and ischio-rectal fossa.

The position of these three vessels may be indicated on the

siuface thns:— "If a line is drawn from the posterior suj^erior

spinous j^rocess of the ilium to the tuberosity of the ischium, the

glutccd artery issues from the pelvis at a point about an inch

external to the junction of the upper and middle thirds of tliis

line; the ischiatic and pudic arteries a couple of inches lower

down" (Chiene).

Fig. 26.

Guide to Arteries of Buttock.

Another method is to draw a line {ilio-lrochanteric, which

corresponds in direction to the fibres of the gluteus maximus)

from the posterior superior iliac spine to the posterior superior

angle of llic great trochanter. The junction of the ujipcr willi
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the middle third marks the point of emergence of the gluteal

artery from tlie great sciatic notch. For the sciatic and pudic

draw a line (ilio-iscMatic) from the same point to the tuberosity

of the ischium. The junction of the lower with the middle third

marks the point of emergence of the sciatic and pudic arteries from

the great sciatic notch (Fig. 2G).

The thi'ee vessels are simply covered by the integumentary

structures and the gluteus maximus, and may be reached for the

purpose of ligature by incisions, three or four inches long, in the

direction of the fibres of the (jluteus maximus^ over the points

indicating their respective positions; but in by far the greater

number of cases the guide to the artery affected will be the pulsating

aneurismal tumour. Of the three, the gluteal is the one most

frequently atfectcd. It is the vessel most frequently Avounded in

this region, from sitting down on something sharp, or, for example,

from tlie accidental collapse of the chamber utensil. Any of the

three may be Avounded by a punctured wound in this region. In

cases of traumatic aneurism, the best treatment to adopt is to

pci'form the " old operation ;" failing this, the internal or even the

common iliac may be ligatured.

The Collateral Circulation (see Fig. 24) is carried on by anas-
.

tomoses between the gluteal (12) and sciatic (19) arteries with the

ascending branch of the external (21) and internal circumflex (26),

branches of the profunda femoris; and in the case of the pudic by

the anastomoses of its branches with the corresponding branches

from the other side.

The Obturator Artery runs along the lateral pelvic wall in the

extra-peritoneal fat, between the peritoneum and the pelvic fascia

to the upper part of the thyi-oid foramen, and leaves the pelvis by

passing cibove the upper edge of the pelvic fascia; the nerve of the

same name lies above it, and its vein is below it. It gives oil" an

iliac, a vesical, and a puUc branch. Outside the pelvis it divides

into an external and an internal branch that skirt the sides of the

thyroid foramen and anastomose with each other, and with branches

of the internal circumflex. The external branch sends a twig to

the liip joint through the cotyloid notch, which ramifies on the

round ligament as far as the head of the femur; it is accompanied

by a branch of the obturator nerve.
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The llio-lumbar Artery—The Umhar branch of this vessel

anastomoses with the last lumbar artery, and the iliac with the
gluteal, deep circumflex iliac, external circumflex and epigastric

arteries.

THE EXTERNAL ILIAC.

Origin.—From the bifurcation of the common iliac at the lumbo-
sacral articulation. Extent.—From its point of origin to Poupart's

ligament. Course.—It runs along the brim of the true pelvis, and
its course is indicated by the lower two-tliirds of a line drawn from
a point three-fourths of an inch below, and a little to the left of the

umbilicus, to a point midway between the anterior superior iliac

spine and the symphysis pubis. The artery, with its accompanying
vein, are bound do-\vn to the psoas muscle in a common sheath of

fascia. Relations.—In front—(1) The intestines; (2) peritoneum;

(3) a process of iliac fascia; (4) spermatic vessels; (5) vas deferens

(4 and 5 are more especially at its lower part); (6) genital branch
of the genito-crural nerve; (7) the circumflex iliac vein. To its

i)mer side—(1) The external iliac vein; (2) the vas deferens. To
its outer side— the psoas niagnus. Beliind it— (1) The external

iliac vein (on the right side); (2) the psoas maguus. On the

left side the vein is to the inner side of the artery in the whole
of its course, but is beneath its uj^per part on the right side

(see Fig. 2.5); on the rigid side the ureter very often crosses the
upper part of the external iliac.

The patient is to be placed in the recumbent position, with his

shoulders raised by pillows, and his knees semi-flexed, to relax the
abdominal muscles. The colon must be well emptied by an enema,
the pubes shaved and the bladder emptied before beginning the
operation. The Surgeon stands on the same side as the vessel

about to be tied.

Abernethy's Incision.—Make a curved incision,four or five inches
long, with the convexity downwards and outwai'ds, commencing
about an inch external to the middle of Poupart's ligament and an
equal distance above it, and cany it upwards and outwards parallel

with the ligament, ending an inch internal to, and a little above,
the anterior superior iliac spine. This form of incision more easily

reaches the artery at its upper part away from the seat of disease

supposing it to bo tied for femoral aneurism. This incision.
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though often called Abernethy's, is not, strictly speaking, the

incision he used; he first tied this vessel in 1796, but made his

incision in the course of the vessel. Auernethy's incision is said

to leave a great tendency to hernia, due to the injury to, and the

consequent weakening of, the muscular planes ; this tendency may
he partially obviated by the careful application of deep sutures.

Its chief advantage is, that one may ligature the vessel at any

part of its course, or even, if necessary, tie the common ihac,

and it is, therefore, to be preferred when operatijig in cases of

spontaneous aneurism. The structures divided and the steps of

the operation are the same as in ligature of the common iliac.

After the peritoneum is stripped up, the loose cellular tissue sheath

surrounding the vessel must be carefully scratched through with

the finger nail, aided by a director, or the point -of the aneurism

jiecdle; wlien sufficiently cleared pass the needle from within

outwards to avoid injury to the vein. The incision must not be

earned too far downwards lest the deep epigastric vessels, or the

internal abdominal ring and tlie structures passing through it, be

implicated; further, it should not be too near Poupart's ligament,

lest the deep circumllex iliac artery be cut. Special care must be

taken not to include the genital branch of the genito-crural nerve

in the ligature, as this nerve lies on the artery, or wound tlie

peritoneum. In four cases of ligature of this artery, the patients

died from tetami», probablj"- from implication of the nerve in

(Question. The chief causes of death after this operation are

—

(1) Gangrene, especially hkely to occur when the deep epigastric

is injiu'ed; (2) secondary hajmorrhage, especially when the vessel

is diseased, or when it is tied too near its origin, or, again,

when tied too near Poupart's ligament; and (3) peritonitis. Other

dangers of this operation are—injury to the external iliac vein, and

ligature of the genito-ci'ural nerve.

Sip Astley Cooper's Incision.—Make a semi-lunar incision

extending fi'om an inch internal to the anterior superior iliac spine

to ]ialf-an-inch external to the external abdominal ring, half-an-inch

above Poupart's hgament; the incision should be about three

inches in length Avith its centre over the artery. This incision

cliiefly exposes the artery at the lower part, and should be made,

as nearly as possible, in the direction of tlic fibres of the external
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oblique. Tliis incision divides the superficial eiDigastric artery,
-which must be secured at once. Then divide the tendon of the
external oblique on a director, and after this lay aside the knife
and complete the operation Avith director and forceps. Scratch
through the cremaster muscle and push the cord upwards, and
after this tear through the transversalis fascia with the fingers.

The wound must now be kept open by two copper spatulte: the
internal one pulls the cord and the deep epigastric artery upwards
and inwards, the outer one pulls the internal oblique and trans-
versalis upwards and outwards; both also displace the lower part
of the peritoneal sac upwards, as the whole operation should be
extra-peritoneal. The vessel is now exposed, and must be cleared
at a point an inch above Poupart's ligament to avoid the two large
branches; the needle must be passed from the vein. As the vessel
lies exposed in the wound, the following important relations must
be noted—(1) The genito-crural nerve lies on the vessel; (2) the
deep circumflex iliac vein is crossing it ; and (3) the external iliac

vein lies to its inner side. Should this method be adopted in
cases of aneurism the vessel is exposed too near the seat of the
disease, the deep cii'cumflex iliac artery and vein are in great
rlanger, as' well as the vas deferens and spermatic vessels, as the
auter end of the inguinal canal is opened up; and should the
vessel, when exposed, be found diseased, it is impossible to pro-
long the incision upwards so as to tie it at a higher point. The
jhief advantages, when compared with the previous operation,
ire—(1) That the peritoneum is less disturbed, and (2) there is

.ess tendency to hernia afterwards. Cooper's operation is usually
selected when it is found necessary to ligature the external iliac

'or secondary haemorrhage after a wound or amputation, and where
iherefore the coats of the vessel are healthy, and more especially
,vhen the abdomen is thin and flat.

PEC'C'LIARITIES.—The deep epigastric may arise from any
jart of the external iliac between Poupart's ligament and two and
i half inches above it. Not unfrequently the obturator arises by a
lommon trunk with the deep epigastric.

Branches.—Two branches are given off from this artery just
ibove Poupai-t's ligament— (1) The deep epigastric, and (2) tlie

leep circumflex iliac.

Iv



146 AppUed A natomy :

The Deep Epigastric Artery.— Thi« vessel arises from tlie

external iliac aliout a quarter or half-an-incli above Poupart's

ligament; it then descends to the level of that ligament and

curves forw^ards to reach the anterior aspect of the peritoneal hag,

and after this passes upwards and inwards to enter the sheath of

the rectus. At first it lies in the fat, between the peritoneum

and the fascia transversalis, then piercing this fascia, enters the
^

sheath of the rectus by passing in front of the fold of Douglas.

It has many important Surgical relations.— (1) It forms the

outer boundary of Hesselbach's triangle; (2) it is directly in the

way in ligature of the external iliac artery by Sir Astley Cooper's

incision
; (3) with the internal mammary it forms a direct com-

munication between the subclavian, intercostals, and external iliac,

and is therefore an important medium of collateral circulation in

ligature of cither of these vessels; (4) it lies close to the inner side

of the internal abdominal ring; (5) the spei'matic cord in the

inguinal canal lies in front of it, only separated from it by the

fas°cia transversalis; (G) the vas deferens hooks round its outer

side. Its branches are— («) Cremasteric, to the cremaster muscle;

(/;) 2^ubic, to anastomose with a corresponding branch from the^

obturator; (c) cutaneous; sini (d) muscular.

The Deep Circumflex Iliac Artery.—Arises from the outer side

of the external iliac about the same level as tlie deep epigastric,

and runs outwards behind Poupart's ligament to the anterior

superior iliac spine, then along the crest and anastomoses with the

ilio-lumbar artery. Lilce the deep epigastric it at first lies in the

extra-peritoneal fat, between the peritoneum and the fascia trans-

\'ersalis; it then pierces this fascia and Kes between it and the.

transversaHs muscle, and lastly pierces the muscle and lies between

it and the internal oblique. The branch between the internal

oblique and the transversalis juuscles forms a useful landmark in

operations in this region, as in Abernethy's method of securuig

the external ihac artery. It is also an important collateral

supply in ligature of the external iliac. In aneurism of the

external iliac there is pain in the lumbar region along the crest of

the ilium, in the testicle and scrotum, and down along the front

and outer side of the thigh, from pressure on the brandies of the

lumbar plexus.
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Collateral Circulation (see Fig. 24).— 1. The deep epigastric
branch (9) anastomosing witli the terminal branches of the internal
mammary (5) and aortic intercostals (2). 2. The deep circumflex
iliac branch (20), and the ilio-lumbar branch (11) from the internal
iliac, anastomosing with the lower intercostals (2), and lumbar
branches of the aorta (6). 3. The gluteal artery (12) from the
internal iliac, anastomosing with tlie external circumflex branch
(27) of the profunda femoris. 4. The sciatic artery (19) from the
internal iliac, anastomosing with the internal circumflex branch of
the profunda (26). 5. The obturator artery (23) from the internal
iliac, anastomosing with the internal circumflex branch of the
profunda (26).

RESUME of Abernethy's method :

—

1. Use the curved incision as already explained.

2. Divide the external oblique in the direction of its fibres,

with the ilio-bypogastric and the ilio-inguinal nerves.

3. Divide the other two muscles to the full extent of the
external incision, and secure the branch of the deep
external circumflex.

4. Open the transversalis fascia at the lower part of the
Avound in the same way that the sheath of an artery
should be opened, and enlarge on director or tear with
fingers, taking care not to injure the peritoneum in any
way, especially by tearing a hole in it.

5. EoU the patient over towards the sound side, and use
broad copper spatulse to keep the edges of the wound
apart.

6. Xote the relation of the vein to the artery: also the

,

genito-crural nerve lying on it, which must be carefully

turned aside.

7. Pass over the psoas and not below it, and tear through
the thin fascia prolonged from its inner edge over the
vessel.

8. Scratch through the loose cellular sheath with the point

of the finger and aneurism needle; thread the needle,

pass it from the vein, and tie.
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Beware of too free disturlDance of the extra-peritoneal cellular

tissue, and use strict antiseptic precautions throughout the operation.

With hut slight variations this resume is applicable to ligature of

the common and internal, as well as to the external iliac.

RESUME of CoorER's operation :—

1. jSlake an incision three inches long with its centre over

the vessel, and ahout half-an-inch ahpve Poupart's

ligament.

2. Secure superficial epigastric artery, and divide the tendon

of the external obliciue, the whole length of the skin

wound.

3. Scratch through the cremaster muscle and push the cord

upwards and inwards, displacing or dividing the

internal oblique and transversalis hiuscles as far as

may be necessary.

4. Now hook the parts well aside by blunt hooks, or

retractors, or copper spatulse—the inner one pulls the

cord, the internal oblique and the deep epigastric

artery upwards and inwards, the outer one pulls the

internal oblique and transversalis upwards and out-

wards.

5. Next, with the fingers make an opening in the trans-

versalis fascia over the vessel by tearing it through

from Poupart's hgament ; this structure may be

regarded in the same light as the femoral sheath, and

it°is therefore unnecessary to divide it the lolioU lengih

of the external wound. Further, when divided in this

way the peritoneum is less likely to be injured.

G. Clear the vessel in the usual way at a point about an

inch above Poupart's ligament, in order to avoid its

two large branches. The needle must be passed from

the vein, which lies on its inner side. Take care of

the deep circumflex iliac vein which is seen crossuig

the artery, and the genito-crural nerve which lies upon

the vessel.
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CHAPTER XI.

ARTERIES OF THE LOWER EXTREMITY.

The Femoral Artery.— Origin.— It is tlio direct continuation
of tlie external iliac artery. Extent.— It extends from Poupart's

Fig. 27.

Showing Relation of Artery to Femur.

V
Poupart's Ligament.
Doop Circumflex Iliac.

^-.-^.....Fcmoral Artery.

Extonial Circumflex.

Profunda Branch.

Point at wliicli to a))ply
pressure

ObtuKitor Artery

lutcnial Circumflex

Pcrfoniting Branches

Ari.istoniotica Magna.

Articular ArtcHcs

IJoscoiiding Branch of the
External Circumflex.

Popliteal Artery.

Articular Arteries.

ligament to the opening in the adductor inagnus; this corresponds
to the upper two thirds of the thigh. Course.—Flex the thigh
upon the abdomen, and rotate it a little outwards, and the course
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is then indicated Ly a line drawn from a point mid^-ay between

the anterior superior iliac spine and the symphysis pubis, to the

inner side of the internal condyle of the femur, or to the " adductor

tubercle
" The artery at first Hes immediately over the head of

the femur, but as it passes downwards it takes an oblique course

alou- the inner side of that bone, and finally passes behind it as

it enters the popliteal space through the opening in the adductor

magnus. In applying pressure, therefore, to the femoral arteiy in

the upper part of its course we ought to press directly backwards

a-ainst the hoA^j of tM jnties, or the ilio -pectineal eminence

(h-. 27), but, if applied to the middle third of the thigh, as the

artery lies in Hunter's canal, the pressure must be directed out-

wards towards the femur.

Fig. 28.

Formation of the Femoral Sheath.

Fascia Traiisvorsalis »

t!

...Fascia Iliaca.

Abdominal Wall |j ,<^.__.lliuui.

lliaciis Jhibclo.

Femoral Slicath.

Note that the " common femoral" of Surgeons is the femoral

artery before it has given off its profunda branch, and is usually

about one inch and a half in length; below this point it is

known as the - .wprnfcial femomV But the common femoral

and the superficial femoml of Surgeons form simply the femoral ot

Anatomists; while the " deep femoral" of Surgeons, is the proftmda

branch of Anatomists.

Relations—The artery is divided into a superficial and a deep

nart The superficial part is contained in Scarpa's triangle, and

corresponds, in extent, with upper third of the t^gl^; the deep p^
is contained in Hunter's canal, and corresponds with the middle

third of the thigh. In front of the artery, as it lies in Scaipa.
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triangle, wo have—(1) Skin; (2) superficial fescia; (3) deep fascia;

(4) cribriform fascia; (5) some large tributaries of the long saphen-
ous vein; (G) the anterior part of femoral sheath; (7) the internal

Fig. 29.

Femoral Artery and Vein.

jVuterior Crural
Xurvc

Iluntcr's Ciinal.

Femoral Voiu.

Femoral Artery.

Long Saphenous
Nei-ve, which
leaves the Canal
just above its

termination.

cutaneous nerve, just at the apex of the space. The crural branch
of the genito-crural is found in the sheath, lying in front of the

fi'inoral artery; it leaves the sheath by piercing its outer border,
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As it lies in Hunter's canal, in addition to tlie superficial structures,

we find covering it—(8) the sartorius muscle; (9) roof of Hunter's

canal; and (10) the long saphenous nerve. Beliind it we find—

(1) The psoas muscle, which separates it from the margin of

the pelvis and the capsule of the hip-joint; (2) the nerve to the

pectineus; (3) the femoral vein; (4) the pectineus; (5) the adductor

longus; and (6) part of the adductor magnus. On the inner side—

(1) The femoral vein (at the upper part); (2) the adductor longus;

and (3) the sartorius. On the outer side—{I) The anterior crural

nerve, which lies ahout a quarter of an inch from the vessel, a few

fibres of the psoas muscle intervening; (2) the vastus internus;

(3) the femoral vein (at the lower part); (4) the internal cutaneous

nerve; (5) the long saphenous nerve; (6) the nerve to the vastus

internus. The femoral vein (Rg. 29) is at first on the same plane,

and on the inner side of and close to the artery; hut in its course

downwards it gradually passes behind the artery, until, Avlien it

reaches the apex of Scarpa's triangle, it lies directly behind it; it

then gradually passes to its outer side. The following is the arrange-

ment of vessels from before backwards, at the apex of Scarpa's

triangle— (1) Femoral artery; (2) femoral vein; (3) profunda vein;

and (4) profunda artery; hence, if a person receives a stab or bullet

wound at tliis point, these vessels are liable to be injured. The

adductor longus muscle separates the femoral vessels from the

profunda vessels in this region. The femoral artery may be tied

—(1) above the origin of the profunda, i.e., the common femoral;

(2) the superficial femoral at the apex of Scarpa's triangle; and

(3) the superficial femoral in Hunter's canal.

The Common Femoral.— Ligature of this part of tlie vessel

iias been anything but a successful operation. There are various

reasons for this—(1) It is a short trunk, the usual length bemg

about an inch and a half, and it may be much shorter. (2) The

large number of branches given off in the neighboui-hood, so

that it is almost impossible for a satisfactory clot to form. These

branches are—(a) The deep epigastric and deep circumflex iliac,

just above its origin; (5) the profunda, one to two hiches below;

(c) occasionally also one of the circumflex arteries, usually the

internal; {d) three or four small branches- superficial epigastric,

superficial circumflex iliac, superficial external pudic, and deep
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external pudic. It may be said that these vessels are so small that
tliej are not worth taking into account, but this is by no means
the case; they bleed very freely and more especially if they are cut
near their origin, for then the cut end retracts so much that the
wound becomes, for all practical purposes, equivalent to a wound of

the common femoral itself (3) Another possible objection to this

operation is lest the cicatrix, by its contraction, may interfere with
the integrity of the femoral ring. Another fact very much against

the success of this operation is, that the artery is of so uncertain
length. The common femoral is sometimes wounded in shoemakers
when, in paring leather, the knife slips off the lap-board.

The vessel may be reached either by—(1) A Vertical incision,

two inches long, right over the artery, beginning at Poupart's
ligament; or by (2) a Transverse incision (Porter's), two and a
half inches long, across the course of the vessel, about an inch
below Poupart's ligament. The vertical incision is probably the
best. The Surgeon stands on the outer side of the limb, on both
sides of the body. In either case the Structures cut through are

(1) Skin; (2) superficial fascia with the superficial vessels, nerves,
and lymphatics in this region; (3) iliac part of the deep fascia and
branches of the genito- crural, and anterior crural nerves; (4) the
femoral sheath, which must be opened over the vessel. Carefully
isolate the artery from the surrounding structures and pass the
needle from the inner side, i.e., from the vein, taking special care
not to include the crural branch of the genito-crural nerve, -which
lies on the sheath of the artery. As already mentioned, the results
of this operation are by no means satisfactory—(1) Gangrene has fol-

loAved in several cases ; but the great cause of death is (2) secondary
haemorrhage. Hence, in cases Avhere it might be deemed expedient
to tie the vessel at this point, it is better not to do so, but rather
to ligature the external iliac at once.

Collateral Circulation (Fig. 30).—1. Sciatic (3), from the
internal iliac, anastomosing with the internal circumflex (11), ex-
ternal circumflex (35), and perforating arteries (15, 18, 19). 2. The
obturator (4) from the internal iliac, with the internal circumflex of
the profunda (11). 3. The gluteal (1) from the internal iliac, with
the ascending branch of the external circumflex of the profunda (7).

4. Tlic deep external pudic with the superficial peroneal artery.
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Fig, 30.

Collateral Circulation of the Lower Extremity.

(After Smith and Walsh am. )

34
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Explanation of Fig. 30.

1 . Gluteal al ter}'.

2. Anastomoses between the gluteal, sciatic, extei'iial

circumflex, deep circumflex iliac, and supcriicial circunillex

iliac arteries.

3. Sciatic artery.

4. Obturator artcrj^.

5. Anastomosis between the pubic branches of deep

epigastric and obturator arteries.

6. Pubic branch of deep epigastric.

7. Ascending branch of external circumflex.

8. Superficial circumflex iliac.

9. Common femoral.

1 0. Anastomosis between obturator and sciatic arteries.

11. Internal circumflex artery.

12. External circumflex artery.

13. Supei-ficial femoral.

14. Deep femoral (profunda).

15. Fij'st perforating.

16. Comes nervi ischiadici.

17. Descending branch of external circumflex.

18. Second perforating.

19., Third perforating.

20. Superior external articular.

21. Anastomotica magna.

22. Inferior external articular.

. 23. Superior and inferior internal articular arteries.

24. Anterior tibial recurrent.

25. Anterior tibial.

26. Posterior tibial.

• 27. Peroneal.

28. Anterior peroneal.

29. Communicating branch between the peroneal and
posterior tibial.

30. Malleolar branches.

31. External plantar artery.

32. Internal plantar artery.

33. Dorsalis pedis.

34. Branch of sciatic artery.

35. Transverse branch of the external circumflex.

36. A7iastomosis behind external malleolus.
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Ligature at the Apex of Scarpa's Triangle.—The safest place

at wliicli to apply a ligature is about five inches from Poupart's

ligament; this point has, therefore, been called the " seat of elec-

tion." This is usually Avell out of the way of the profunda, as this

vessel has not been known to take origin lower down than four

inches from the origin of the femoral. The femoral artery has been

tied by Carnochan as a means of curing Elephantiasis Arabum.

THE OPERATION.

Position of tlie Patient.—He should be recumbent, his thigh

abducted, flexed, and rotated outwards, with the knee bent and

resting against a pilloAv. The Surgeon stands on the outer side

of the limb, on both sides of the body.

Incision.—Ascertain the position of any large superficial vein,

by making pressure on the upper part of the saphena vein; stretch,

but do not displace, the skin with the left hand; and then make

an incision three or four inches long in the course of the vessel, its

centre corresponding to the point at which the artery is to be tier!,

which must be at least five inches below Poupart's ligament, in order

to be well away from the origin of the profunda (Fig. 31). This

incision is not parallel with the inner edge of the sartorius, but

will cross that muscle obliquely, and it must not be made too far

inwards lest the long saphenous vein be wounded, or the adductor

longus be exposed instead of the sartorius. The adductor longus

will be recognised by the direction of its fibres—passing downwards

and outwards, whereas the fibres of the sartorius pass downwards

and inwards. We cut through— (1) The skin
; (2) supei-ficial fascia

and fatty tissue; (3) the deep fascia forming the sheath of the

sartorius, which at this point crosses the artery obliquely. An

assistant with blunt hooks now keeps the edges of the wound in

the fascia apart, and the Surgeon, with scalpel and forceps, proceeds

to define the inner edge of the sartorius, which is then to be gently

drawn towards the outer side, and held there by a broad copper

spatula. (4) Clear away any loose cellular tissue and expose the

femoral sheath, and next make a small opening in it. The side of

the opening furthest from the operator is then to be secured by a

pair of toothed forceps and given to an assistant. This prevents

the possibility of losing the opening. After this open (5) the proper
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sheath of the vessel, which is then cleared and ligatured in- the

usual way. At the point where the artery is ligatured the vein

lies behind it, so that it matters little from which side the needle

Fig. 31.

Incisions for Ligature of Femoral.

is passed; hut on account of this relation, great care is necessary

in clearing the artery and passing the needle ; and not only does

the vein lie immediately l)ehind tlic artery, hut it is more fu-mly
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acUierent to it than is the case with most large arteries aud their

companion veins, so that the artery must he completely cleared

before we attempt to pass the ligature, which must then be passed

without usmg force. The vein is often rather to the inner side

at this point, so that, on the whole, it might be as well to pass the

needle from the inner side. Some Surgeons advise that it should

be passed unarmed, and then threaded and Avithdrawn, as, they

say, there is less risk of wounding the femoral vein by so doing.

But, while the artery should be cleared completely, due care must

be taken at the same time to avoid undue disturbance of tlie

parts, lest the " vam vasorum" supplying the coats of the artery, be

unnecessarily injured, and lead to death of that part of the vessel.

The crural branch of the genito-crural, the internal cutaneous and

long saphenous nerves must all be carefidly avoided, as they often

lie in front of the vessel.

This is a very successful operation. The more important

untoward accidents are— (1) Gangrene; (2) wound of the vein;

and (3) secondary ha3morrhage. (For the Preventive Treatment

of Gangrene, see page 33).

1. Gangrene is especially apt to follow if the vein be injured.

The best way to avoid this is to clean a small part of the vessel
.

thoroughly with scalj^iel and dinsectinij forceps (Bell). No blunt

instruments, such as directors, etc., are admissible. If gangrene

occurs, amputate through the lower third of the thigh (Spencb).

2. Wound of the Vein is very frequently fatal from septic

phlebitis or gangrene. Should this accident occur, the ligature

should be withdrawn, and a new opening made in the sheath

half-an-inch higher up, and the ligature reapplied there, the hole

in the vein being tied longitudinally, as complete obliteration of

the vein is almost certain to be followed by gangrene.

3. In Secondary Haemorrhage there are various courses open— •

(a) The graduated compress; (b) ligature of the external iliac or

superficial femoral—this is usually followed by gangrene; (c) tie

the bleeding point—usually the distal side; and (d) if everything

else fail, amputate.

Tor varicose aneurism in this region perform the " old opera-

tion," as ligature of the external iliac is very fatal from gangrene,

secondary haemorrhage, and pneumonia.
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RESUME of the operation at the " seat of election "
:

—

1. Make an incision three inches long in the line of the

vessel, with its centre five inches from Poupart's liga-

ment, avoiding the trunk of the long saphena vein, and

securing large tributaries.

2. Expose the edge of the sartorius and turn it outwards.

3. ,Turn aside the internal cutaneous and the long saphenous

nerves, and the nerve to the vastus internus, and open

the sheath common to artery and vein.

4. Then open the sheath proper to the artery, and clean

well till the white external coat is seen.

5. Pass the needle unarmed from within outwards, thread,

and Avithdraw.

6. Do not dip the point of the needle too much, but keep it

close to the artery, so as to avoid wounding the vein.

LIGATURE m HUNTER'S CANAL.

This operation is rarely performed now-a-days, as the vessel is

too deeply placed, and besides, ligature at the apex of Scarpa's

triangle gives better results. " Hunter's canal " is formed by an
aponeurotic expansion thrown across from the adductors longus and
magnus on the inner side to the vastus internus on the outer side.

Fig. 32.

• Section through Hunter's Canal, Right Side.

Femoi-al Artery

Vastus Internus, foniiing.
its outer boundary.

.Savtoi-iuR, lying on the roof of
the Canal.

tLong Sai^henous Nerve.

Adductor Magnus, forming tlie

inner boundary ol' the Canal.
1' em oral Vein.

(Fig. .32). It is triangular in shape, the base being formed by the

expansion already alluded to, and it extends from the apex of

Scarpa's triangle to the opening in the adductor magnus, and
corresponds, therefore, Avith the middle third of the thigh. It

encloses the femoral artery and vein, and the long saphenous nerve
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—the vein being at first behind, and then to the outer side of tlie

artery, while the nerve is above it, and crosses from its outer to its

inner side (see Fig. 29). The position of the patient and of the

Surgeon is the same as in the previous operation.

Incision.—An incision, tliree or four inches long, should be

made, a linger's-breadth internal to, and parallel with, the line

that indicates the course of the artery, so as to cut down on the

outer border of the sartorius, and at the same time avoiding the

internal saphenous vein (Beck), as, it is said, we may uuss the

sartorius altogether, and strike the vastus iuternus instead, if the

incision be made too far to the outer side. The vastus will be

recognised by its fibres passing downwards and outwards. I am not

so sure of this. I think it will be found, as a rule, more convenient

and sure to cut in the line that indicates the course of the vessel,

as in the previous operation, exposing the sartorius and turning it

to the inner side (Fig. 31). Structures cut through—(1) Skin;

(2) superficial fascia and fatty tissue; (3) througli tlie fascia forming

the sheath of the sartorius, and expose the outer edge of that

muscle, and draw it well to the inner side. Next divide (4) the

roof of Hunter's canal with the point of the knife, and then enlarge

the opening with a probe-pointed bistoury; the saphenous nerve

is then to be drawn aside, and the proper sheath of the vessel ^

opened, and the artery cleared to the requisite extent, and the

ligature passed from the outer to the inner side, and, if possible,

about an inch above the origin of the anastomotica magna.

PECULIARITIES.—1. In four cases a double superficial femoral

has been found, the two divisions reuniting again near the opening

in the adductor magnus to form a single popliteal. 2. The femoral

has been found sitiiated at the back of the thigh, passing through

the great sacro-sciatic foramen. 3. Sometimes the common femoral

is very short, or altogether absent.

Branclies of tlie Femoral.— (1) The superficial epigastric;

(2) the superficial circumflex ihac
; (3) the superior external

pudic
; (4) the inferior external pudic

; (5) the profunda branch

—

and (6) the anastomotica magua, which is given off in the lower part

of Hunter's canal : it arises just before the femoral passes througli

the opening. It divides into a superficial and deep branch—the

superficial accompanies the long saphenous nerve, while the deep
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ileseends iu tlie substance of the vastus internus, in front of the
tendon of the adductor magnus, to the inner condyle of the femur,
and anastomoses with the sui^erior internal articular, and recurrent
of the anterior tibial.

RESUME of the operation in " Hunter's canal " :—
1. It is probably better to make the incision in the line of

the artery, as we can thus more easily reach the outer
edge of the sartorius and avoid the long saphena vein.

2. Open the fascia and expose the outer edge of the sar-

torius, and displace the muscle imuards.

3. Open the roof of the canal, after the manner of the sheath
of an artery, and enlarge on a director, or with finger

and probe-pointed bistoury.

4. Avoid the internal saphenous nerve and clear the artery

as in the higher operation.

5. Clear the artery and pass the needle from the outer side,

about one inch above the anastomotica magna.

The only other branch which requires special notice is the pro-

.
funda branch.

The Profunda Artery (Deep Femoral).— This branch arises

from the outer and posterior part of the femoral artery about an
inch and a half from its commencement. At first it passes down-
wards and outwards, then curves inwards behind the femoral artery
and the adductor longus muscle (this muscle separating the two
vessels), and then passes downwards, at first lying between the
adductors longus and brevis, and afterwards between the adductors
longus and magnus, and terminates by piercing this latter muscle.
Relations.—It lies on—{I) The iUacus, (2) the pectineus, (3) the
adductor brevis, and (4) the adductor magnus. In front of it

(besides the structures covering the femoral artery) we have
(1) The femoral and profunda veins, and (2) the adductor longus.
To its outet side is the vastus internus. It may be ligatured near
its origin by the same incision as that used for ligature of the
femoral in the lower part of Scarpa's triangle; or, lower down, by
following it inwards behind the adductor longus mascle, but great
care would be necessary on account of its relations to its OAvn vein,
and also to the femoral vessels.

I;
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Branches of the Profunda.—1. The external circumflex—tliis

branch passes outwards beneath the sartorius and rectus, and divides

into—(a) Ascending branches which pass upwards and anastomose

with the gluteal and the circumflex iliac arteries
;

(J) transverse

branches which pass outwards over the crureus, and anastomose

on the back of the thigh with the internal circumflex, gluteal,

sciatic, and superior perforating arteries
;

(c) descending branches

which pass downwards towards the knee, and anastomose with

the superior articular branches of the popliteal artery. 2. The

internal circumflex—this vessel passes directly backwards towards

the gluteal region, and there anastomoses with the gluteal,

sciatic, and superior perforating arteries. It gives a small branch

to the hip joint. It arises from the posterior surface of the pro-

funda, and disappears by passing between the pectineus and psoas

muscles; and, continuing its course backwards, between the obturator

externus and the adductor brevis, and finally ' appearing behind

between the adductor maguus and the quadratus femoris muscles.

On reaching the obturator externus it divides into two branches,

one passing above and the other below the adductor brevis ; the

branch passing beneath appears in the buttock, after giving a

branch to the hip joint. 3. The three perforating arteries, which pass

backwards dose, to the femur, and appear on the posterior surface \

of the adductor magnus. These arteries form a regular chain of

anastonroses in the back of the thigh, connected above with the

"luteal and sciatic arteries, and below with the anastomotica magna

and the superior articular branches of the popliteal. The position

of the various branches should be kept in mind, as they are apt

to be wounded in stabs and other injuries of various parts of the

thigh, especially the circumflex vessels.

PECULIARITIES.—It arises sometimes from the inner side
-

of the femoral. It usually arises from one to two inches from the

beginning of the femoral. In a few cases it was less than an inch

;

more rarely it may arise just under Poupart's ligament, and in one

case it came from the external iliac. It has been known to arise

four inches below tlie origin of the common femoral.

Collateral Circulation (see Fig. 30).— (a) In ligature of the

Superficial Femoral— 1. The descending branches of the external

circumflex above (17), anastomosing with tlie superior articular •
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branches of the popliteal (20), and anastomotica magna below (21).
2. The obturator artery above (4), anastomosmg with the internal
circumflex artery (11), muscular branches, and anastomotica magna
below (21). 3. The chain of anastomoses already mentioned, formed
by the perforating arteries, inosculating above with the gluteal (1),
sciatic (34), and ascending (7) and transverse branches of the external
circumflex (35), and below with the anastomotica jnagna (21) and
articular arteries (23, 20, 22). 4. The terminal branches of the
profunda and sciatic arteries above, anastomosing with the anasto-
motica magna below (21). (ft) In ligature of the Deep Femoral—*
1. The descending branches of the external circumflex above (17),
anastomosing with the anastomotica magna (21) and the superior
articular arteries below (20, 23). 2. Branches of the internal
circumflex above (11), anastomosing with the perforating arteries
below (15, 18, 19).

POPLITEAL ARTERY,
Origin.—It is the direct continuation of the femoral. Extent.

It extends from the opening in the adductor magnus to the lower
border of the popliteus muscle, Avhere it divides into the anterior
and posterior tibials. Its point of division corresponds to the
lower part of the tubercle of the tibia in front.' Course.—It passes
obliquely from the inner side of the femur to the middle of the
popliteal space, exactly behind the knee joint,- and then passes
straight downwards. ' The artery lies deeply in the space, and is

covered and crossed by the internal popliteal nerve and the
popliteal vein; both vein and nerve crossing the artery from
without inwards (Fig. 33). Behind the knee joint, the artery
lies in the middle of the space, and is covered (as looked at from
behind) by the nerve and vein, so that if a person receive a stab
in this region all the three structures may be injured, or perhaps
divided, in the order of nerve, vein, artery. Relations.-In front,
the trigone of the femur, the posterior ligament of the knee 'joint'
and the popliteus muscle covered by its fascia. On the inner side,
semi-membranosus, internal condyle, and inner head of gastroc-
nemms: to the outer side, biceps, outer condyle, outer head of
gastrocnemius and plantaris. Beliind, popliteal vein, the internal
popliteal nerve, and the popliteal fascia, with fat, etc. Its branclies
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are—(1) Superior muscular, (2) inferior muscular or sural, and

(3) the five articular—two superior, two inferior, and an azygos.

Ligature of this artery is seldom performed, hut it may he

rendered necessary for wound, for ruptured artery, or for sup-

puration of an aneurismal sac in this position. Since the artery

hifurcates on a level with the tuhercle of the tibia, it is possible to

wound the artery from the front by a stab, as in a case of acci-

dental wound of the vessel recorded by the late Professor Spenck.

Fig. 33.

Right Popliteal Space, from behind.

lutenial Popliteiil

Nerve

Popliteal Vein

.

Popliteal Artery
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. Internal Popliteal
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It may be exposed by-(l) a median incision either over the

nL'of the space or over its lower angle, where it lies between

the two heads of the gastrocnemius; (2)_by an ^
^

inner side above (Jobeut); (3) by an uicision on the nne .de

below (Maeshall). All the incisions sliould be about ioui mclie.

Median Incision.-The patient ^^^^'^^^^^^
and the SUPgeon stands on the outer side and make, an mcision
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ill the middle line four inches long, carcfidly avoiding the external
saphenous A^ein, Avhich empties itself into tlie popliteal vein at the
lower angle of the space. We cut through the skin, superficial
foscia, cutaneous vessels and nerves

; displace the external saphena
vein as it lies in the subcutaneous tissue, and then divide the deep,
or popliteal, fascia. Tlie limb must now be flexed, and the tendons'
Avith the internal popliteal nerve, carefully held aside with copper
spatulcT. Then, by dissecting carefully down amongst the fatty
tissue with the handle of the knife, the operator next exposes the
popliteal artery and vein, firmly bound together; the vessels must
then be separated and the vein displaced to the side most con-
venient, and when the artery is cleared the needle must be passed
from that side. The vein and the artery are very adherent, so that
it is a very difiicult proceeding to separate them and clear the
artery for the ligature. The walls of the vein are said to be
specially thick, resembling very closely, in fact, the coats of an
artery. This may possibly account for the rarity with which this
vein is ruptured. The Circulation will be re-established by the
superior articular anastomosing with the inferior articular, and
other branches around the knee joint.

2. To reach the vessel in its upper third by an incision from
the inner side. The limb is to be placed in the same position as
in ligature of the femoral. The guide is the posterior edge of the
tendon of the adductor magnus, which is attached to the " adductor
tubercle," or the outer border of the semi-membranosus which
overlaps the artery. An incision, three or four inches long, is made
parallel with this tendon, beginning at the junction of the middle
with the posterior third of the thigh, avoiding, if possible, the
long saphenous vein. After dividing the superficial structures and
deep fascia, the tendons of the sartorius and internal hamstrings
come into vie^v, and must be displaced backwards by a copper
spatula. Then, with the left index finger, feel for the tendon of
the adductor magnus, and after this dissect carefully through the
loose fatty tissue with the handle of the scalpel, or a director, till

_the artery is exposed. It is next to be cleared sufficiently, and
the needle passed from the outer side to avoid the popliteal vein,
and the internal popliteal nerve, which lie on that side of the artery
ill this position (sec Fig. .33).
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3. It may be ligatured in the lower third of its course by

INIarshall's plan, as it lies on the popliteus muscle, and covered

by the gastrocnemius. An incision, three or four inches long, is

made a little behind and parallel with the inner border of the

tibia, avoiding the long saphenous vein. By cutting through the

superficial structures and deep fascia, and displacing the inner head

of the gastrocnemius backwards, the vessel may be reached and

ligatured. The relation of the popliteal vein and internal popliteal

nerve, both of which by this time lie rather on the inner side oi

the vessel (see Eig. 33), will complicate the operation considerably

This, however, matters little, as the operation is of no practical

utility.
1

Popliteal Aneurism.—Next to the thoracic aorta, the popliteal

artery is the most common seat of aneurism; this arises from many

causes—(1) The amount of violent movement, either of flexion or

extension, to which it is subjected, and which is specially apt to

injure the two inner coats of the vessel; (2) its feeble latera

support from the fatty tissue in the space; (3) its very frequent

acutely bent position, so that the blood impinges with considerable

force against the anterior or popliteal surface of the vessel, bo

<n-eat is tlie force that the whole leg is tilted forwards, unless it is

otherwise fixed, as we see how the toe is tilted forwards at each

beat of the heart, when one knee is crossed over the other, ilie

usual history is-a feeling of something giving way durmg exer-

tion, foUowed by slight lameness, " rheumatic pains in_ the limb,

coldness, and probably oedema of the foot, numbing pains m he

calf and down the limb, and pain in the foot from pressure on the

internal popliteal nerve. These symptoms are due to pressure on

the popliteal vein and the internal popliteal nerve. The aneurism

may either become diffused into the space, leading to gangrene ot

the limb, or burst into the knee joint. It must
^^^f^^'^^^^^^

Eheumatism, and (2) from rupture of some of the fibres of the

Jtroenemius. It is treated by flexion of the limb and compression

of the femoral. If this is insufficient, then ligature the femoral.

POSTERIOR TIBIAL ARTERY.

Opldin -From the bifurcation of the popliteal artery, at the

lower border of the popliteus muscle. Extent.-From its l^oiut ot
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origin to tlio inner side of tlie os calcis, Avliere it ends by dividing
into the internal and the external plantar arteries, beneath the
internal annular ligament, about half-an-inch behind and belo^y
the internal malleolus, which corresponds to the edge of the
abductor haUucis. It lies between the superficial and°the deep
layers of muscles on the back of the leg (Fig. 34). Course.—Its
course is indicated by a line drawn from a point one inch below
the middle of the popliteal space, and in the middle Hne of the
lunb, to a point a finger's breadth behind the internal malleolus
Relations.—It is covered hy—{l) Skin and fascia; (2) gastroc-
nemius; (3) soleus; (4) plantaris; (5) a tendinous arch covering it,
which stretches between the flexor longus digitorum and the flexor
longus hallucis; (6) posterior tibial nerve which crosses it at its
npper part from within outwards. It lies upon~{l) The tibialis
posticus; (2) the flexor longus digitorum; (3) the lower end of the
tibia (this is of importance in compression). On its inner side—
The posterior tibial nerve (in its upper third). On its outer side—
The posterior tibial nerve (in its lower two thirds). It may be
ligatured—(1) In the middle third of the leg, or (2) behind the
internal malleolus.

1. In the Middle Third of the Leg.—The vessel may be reached
by two incisions— (a) The Lateral Incision (see Fig. 34, 0).—An
incision, about four inches long, is made parallel with the inner
border of the tibia and fully half-an-inch behind it, avoiding the
internal saphena vein. The patient is placed in the recumbent
position, his knee is to be flexed, his foot fully extended, and the
limb laid on its outer side, resting against a pillow; the Surgeon
stands on the outer side of the limb. By this incision we flrst
divide skin and superficial fascia and fatty tissue; the deep fascia
is next opened, and the internal edge of the inner head of the
gastrocnemius exposed, which must be displaced backwards by a
broad copper spatula. The tibial origin of the soleus is now seen,
and IS to be divided along the whole length of the external incision,
about half-an-inch from its attachment to the tibia. In dividing
It, the edge of the knife must be turned towards the tibia, and at
first only cut through its muscular fibres, exposing its deep tendon.
AV hen this is thoroughly exposed, make an opening in it after the
manner of opening the sheath of an artery, and complete its division
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Fig. 34.

Section through the Calf.

6 7
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.IX

1. Anterior tibial vessels ond nerves.

2. Tosterior tibial vessels and nerves.

3. Peroneal vessels.

4. Short saphenous vein.

5. Septum between peronei and postciiov muscles.

6. Strong septum between peronei and anterior

group of muscles.
i i

•
i

7. Weak septum in anterior group, tlirougli which

the anterior tibial artery is reached.

8. Interosseous membrane.

9. To show position of lateral incision.

10. To show position of direct incision (Guthkie'.s).

11. Tibia.

12. Fibula.

The names of the imcseles arc indicaled hj tluAr inUial leUcrs.

N0TE.-In the Anterior group of M,;^ele., i-t-ad of F L.P., read E.P.P.-Exteu^or
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ou a directo)-, or Ly ca probe-poiutccl bistoury. TJie divided soleus
is next liooked aside, along ^vith the gastrocnemius, and tlie space
Avhere the artery lies then comes into view. At this point it is

accompanied with its venre comites, and at the upper part of the
incision tlic posterior tibial nerve lies internal to it, then over it,

and lastly, at the lower part of the wound, to its outer side. These
structures, rest on the fascia, covering the deep muscles (tibialis
posticus and flexor lougus digitorum), and are covered by a thin
layer of fascia. This fescia must be opened and the artery cleared
and ligatured in tlic usual way, the needle being passed from the
nerve. Tliis operation is characterised by Mr Guthrie as being
"difficult, tedious, bloody, and dangerous."

It IS important not to open the fascia covering the deep muscles,
for then it is very easy to pass beneath the flexor longus digitorum
and so miss the artery altogether. There is often a tendinous
intersection in the soleus, which must not be mistaken for its

deep tendon. n

RESUME of the lateral operation :

—

1. Make an incision, four inches long, half-an-inch beliind
and parallel with the inner edge of the tibia.

2. Divide the superficial structures and deep fascia, expose
and hook aside the edge of the gastrocnemius.

3. Divide the tibial origin of the soleus, first its muscular
fibres and then the glistening tendinous structure
covering its under surface, and which forms a sure
guide to the vessel.

4. Flex the leg well and extend the ankle to its full extent,
hold aside the muscles of the calf, and divide the fascia
covering the vessels.

5. Clear the artery and tie in the most convenient way.

{h) The second form was recommended by the late Mr Guthrie,
and is known as the mesial or Direct Incision (see Fig. U,10).
The patient is placed in the same position as in ligature of the
popliteal artery in the centre of the popliteal space, and the
Surgeon stands as before. After the superficial structures are
divided, the knee should be flexed and the foot extended, in order
to relax the muscles through which the operator has to pass to reach
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the artery. An incision, six or seven inches long, is made in the

mesial lino of the leg, in the course of tlie vessel, heginning ahout
t\vo inches helow the middle of the popliteal space, and dividing

the skin and fascia. The external or short saphenous vein is then
separated and held aside, and the septum between the two heads of

the gastrocnemius is divided to the same extent as the superficial

incision, and the two heads separated. The muscular fibres of the

solens are next cut through, and its deep tendon opened as in the

last operation; and then the aponeurotic arch covering the vessels

is divided, Avhen the posterior tibial nerve will come into view,

with the posterior tibial artery and its vente comites to its inii£r side.

The artery is then cleared, and the ligature passed from the nerve.

2. Ligature of the Vessel at the inner Anl<le.—Here the

artery is quite superficial, and its pulsations may be detected during

life. It lies between the tendons of the flexor longus digitoruui

and the flexor lougus hallucis, with a vein on either side, and the

posterior tibial nerve immediately behind it (that is, nearer the

heel); its exact position is at the junction of the anterior with the

middle third of a line drawn from the point of the heel to the

inner malleolus. The limb is to be placed in the same position as

in ligature of the artery higher up by the lateral incision
;
only in

the later stages of the operation tlie foot had better be flexed and

everted. The Surgeon stands as in the previous operation. Make
^

a semi-lunar incision two inches long, and half-an-inch behind the.

internal malleolus, towards which the concavity of the incision

is to be directed; the incision must not be too near the tibia lest

the sheath of the tendons be opened. Cut through the skin and

superficial fascia, when the specially thick deep fascia, the internal

annular ligament, covering the vessels is brought into view and

divided. The ^Josterior tibial nerve is then seen, and the artery

Avill be found a little nearer the tibia; separate the artery from its

venjE comites and ligature in tlie usual manner. The structures at

the inner ankle all lie in an oblique plane, and unless the operator

keep to the concave side of the incision he is very apt to miss

the artery altogetlier. The artery may also be exposed in the lower

third of the leg by a vertical incision midway between the internal

malleolus and the tendo achillis ; in this situation it will be found

lying on the flexor longus digitorum.
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Branches.—(1) Nutrient to tibia—this is the largest nutrient

branch in the body; (2) peroneal; (3) muscular; (4) communicating

to peroneal
; (5) internal calcaneau, several large branches -which

are distributed to the parts about the heel; and (6) the plantar

arteries.

The Peroneal Branch requires special notice. It is often as

large as, or even larger than, the posterior tibial artery, and arises

from that vessel about an inch and a half from its origin. At first

it passes obliquely outwards towards the fibula, and then passes

downwards behind, and lying close to that bone until about two

inches above the ankle, where it divides into its terminal branches.

It first lies on the tibialis posticus, and then passes into the

substance of the flexor longus hallucis, in which it lies for the rest

of its extent. The artery may be ligatured by the same incision as

that recommended by Guthrie for ligature of the posterior tibial

artery. The posterior tibial nerve forms a safe guide to either of

these vessels; it lies almost exactly between, and in close relation

to them both—the posterior tibial artery lying immediately to its

inner side, while the peroneal branch occupies the same position

on its outer side. The structures divided, therefore, are the same

in both cases. It may also be reached in the middle of the leg by

an incision three inches long, parallel with and a finger's breadth

behind the puter border of the fibula. After the superficial

structures are divided, cut through the fibular origin of the soleus,

and then separate the flexor longus hallucis from its origin, and

towards its inner edge the vessel will usually be found. Tor this

operation the leg must be flexed and laid on its inner side and the

Surgeon stands on the outer side.

Branches of the Peroneal Artery.—(1) Muscular; (2) nutrient

to fibula; (3) communicating to posterior tibial; (4) the anterior

peroneal, which is given off about two inches above the ankle,

pierces the interosseous membrane, and passes down in front of

the fibula to the outer ankle, and there anastomoses with the

external malleolar of the anterior tibial and tarsal branches of the

dorsalis pedis; and (5) terminal branches, which pass down to the

external malleolus, and anastomose with the external malleolar,

external plantar, and tarsal arteries. It will be noticed, therefore,

that in wounds of the plantar arch, on account of the anastomoses
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of the peroneal and tlie anterior peroneal arteries, blood Avoukl

still reach the arch very freely, even after ligature of both the

anterior and posterior tibials.

Collateral Circulation (see Fig. 30).—AYhen the Posterior

Tibial artery is tied at its upi^v part— 1. By tlie communi-
cating T)rancli between the posterior tibial and the peroneal (29).

2. Muscular branches of the posterior tibial anastomosing with

muscular branches of the peroneal. 3. Malleolar branches (30) of

the anterior tibial anastomosing with the anterior peroneal (28),

and terminal branches of the peroneal (36), and calcaneau

branches of the posterior tibial. 4. The communicating brancli

of the dorsal artery of the foot (33), anastomosing directly witli

the external plantar (31) from the posterior tibial. 5. The tarsal

and the metatarsal branches of the dorsal artery of the foot,

anastomosing at the sides of the foot with the external (31) and

internal (32) plantar arteries. G. The perforating branches of the

plantar arch anastomosing M'ith branches of the metatarsal branch

of dorsal artery. When the artery is ligatured at the lower part,

the collateral circulation is carried on by anastomoses 2 to 6,

inclusive, of above. When the Peroneal artery is tied, the

collateral circidation will be carried on chiefly by the first three

anastomoses enumerated above.

ANTERIOR TIBIAL ARTERY.

Origin.—From the bifurcation of the popliteal artery at the

lower border of the popliteus muscle. Extent.—From its point

of origin to the middle of the ankle joint, where it becomes tlie

dorsal artery of the foot. Course.—It passes forwards between the

two heads of the tibialis posticus, and then through the opening

cibove the upper part of the interosseous membrane, and then

passes downwards obliquely towards the anhle joint. Its course

may be indicated by a line drawn from the inner side of the head

of the fibula to a point midway between the internal and external

malleoli. In its upper third the vessel lies deeply, in its lower

two thirds it is more superficial. Relations.—It is covered hi/—
(1) The skin; (2) superficial fascia; (3) deep fascia; (4) the

anterior tibial nerve crosses it once or twice; (5) near the ankle

it is crossed by the tendon of the extensor proprius hallucis. It
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is also overlapped by the fleshy bellies of the contiguous muscles.

On its inner side— (1) The tibialis anticus; (2) near the ankle

tlie extensor proprius hallucis. On its o^der side— (1) The

anterior tibial nerve, at the upper part of the vessel; (2) extensor

longus digitorum for about two inches; (3) the extensor proprius

haUucis; (4) anterior tibial nerve, at the lower end. It rests on—
(1) The interosseous membrane in its upper two thirds; (2) the

tibia in its lower third; (3) the anterior ligament of the ankle

joint. The anterior tibial nerve, one of the three terminal

branches of the external popliteal, winds round below the head

of the fibula, between the bone and the peronens longus, lying in

close relation with the bursa between the tendon of the biceps

and the external lateral ligament, and then passes beneath or

through the extensor longus digitorum to join the vessel.

Like the radial, which it resembles in many points, it may be

tied in three places— 1. In its upper third, where it lies between

the tibialis anticus and the extensor longus digitorum, resting on

the interosseous membrane with its nerve to its outer side. 2. In

its middle third, where it lies between the tibialis anticus and the

extensor proprius hallucis, and still resting on the interosseous

membrane, with its nerve probably in front or to its inner side.

3. At its lower third, where it lies between the same two tendons,

but is now resting on the tibia with its nerve once more to its

outer side. The patient should be recumbent, as usual, his knee
should be flexed, so that the sole of his foot . rests flat on the

operating table; pillows, or some other support, should be placed

in the angle formed by the leg and thigh, and the whole steadied

by an assistant. If preferred, the leg may rest on the table fully

extended and the toes well inverted. In the deeper part of the

dissection the ankle must be flexed freely to relax the muscles on
the anterior aspect, and an assistant should be prepared to keep
them apart by broad copper spatulas at the upper or fleshy part

of the le^, but in the lower or tendinous part blunt hooks may
be substituted for the spatulaj. The Surgeon stands in front and
to the outer side of the limb.

1. In the Upper Third.—To tie the vessel in its upper third

an incision four or five inches long should be made in the line

of the vessel, along the outer margin of the tibialis anticus muscle,
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beginning one inch below the head of the fibula. Another way is

to carry the incision from near the edge of the tibia, downwards

and outwards, obliquely across the line of the vessel towards the

external malleolus; by this incision one more easily detects the

inter-muscular space sejaarating the tibialis anticus from the other

muscles. In this operation the guide is the anterior tibial muscle.

Divide the skin and fascia, and expose the muscidar aponeurosis.

The inter-muscular septum between the tibialis anticus and the

extensor communis digitorum (the long extensor of the great toe,

not arising so high up on the fibula as this muscle) is next to be

found and divided to the same extent as the superficial incision;

great care is necessary lest the septum between the common
extensor and the peroneus longus be opened instead of this one,

and so the operator be led away from the artery, but the proper

septum is fird white line from the anterior edge of the tibia.

To prevent such a mistake, it \nSS. be well to bear ui mind that

the septum between the tibialis anticus and the common extensor

is very weali, so that the two muscles are very readily separated;

while the septum between the common extensor and the peroneus

longus is very strong, so that these muscles are separated with

difficulty (see Pig. 34). This is all the more important to remem-

ber, because the common extensor is very narrow above, and the

operator is very apt, therefore, to open the septum between it and

the peroneus longus. The ankle being flexed the two muscles

—

the tibialis anticus and the extensor communis digitorum— are

separated and held aside with copper spatulse., and the artery is

then found lying on the interosseous membrane, with the anterior

tibial nerve to its outer side. It is separated from its venae

comites, and its slieath opened and the vessel cleared, and the

ligature passed from the outer side. It is rarely, if ever, tied at

at its upper part in the living body, except for a wound, which is

then, of course, taken as the guide to the vessel. "Were it, how-

ever, considered necessary to do so, make the patient throw the

tibialis anticus into action by flexing the ankle or inverting the

foot before he is put under an anesthetic, and mark its outer

border. It is better in making the skin incisions to make them

slightly oblique, downwkrds and outwards, as it will then be

easier to find the septum between tlie anticus and tlic extensor
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communis digitorum. The breadth of the muscle in an ordinary-

sized individual may be regarded roughly as two finger-breadths.

2. In the Middle Third.—The steps of this operation resemble

very closely those of the previous one. The incisit)n need not be

tjidte so long, nor so far from the anterior border of the tibia, and

^yhen the deep fascia is opened take the tibialis anticus as the

guide. Flex the ankle and separate the flexor proprius hallu.cis

from the tibialis anticus, vi'hen the vessel will be exposed resting

on the interosseous membrane. Separate it from its venae comites

and anterior tibial nerve, and ligature secundum artem.

3. In the Lower Third.—The vessel is more easily reached in

this situation, as the bulk and depth of the muscles are much
diminished. An incision should be made in the line of the

vessel two inches long, about three-quarters of an inch from the

anterior edge of the tibia upon the outer side of the tendon of the

tibialis anticus, and parallel with it; at this point the tibialis anticus

is much narrower than it is at the uj^per part of the leg, and the

extensor proprius hallucis lies, to the outer side of the artery. At

this point, therefore, the artery lies between the tendons of the

tibialis anticus and the extensor proprius hallucis, with the nerve

to its outer side, and rests on the lower end of the tibia. The

steps of the operation are similar to those described above. When
the tendons are exposed, flex the ankle and Avith blunt hooks

hold them apart while the vessel is sej^arated from the surrounding

structures and ligatured.

Branches.—(1) The anteri(jr tibial recurrent; (2) muscular;

(.3) internal malleolar; (4) external malleolar, Avhich is larger than

tlie internal, and anastomoses Avith the anterior peroneal artery.

Collateral Circulation.—For this, see anastomoses, from S

to 6, inclusive, in " Collateral Circulation " under the " Posterior

Tibial Artery."

Dorsalis Pedis Artery.—Origin.—It is the direct continuation

of the anterior tibial arteiy. Extent.—From tlie centre of the

instep, beneath the anterior annular ligament, to the base of the

metatarsal bone of the gi'eat toe, Avhere it divides into the com-

municating branch to the sole of the foot and the dorsal artery

of the great toe. Course.—Its coiu'se is from the centre of the

instep to the cleft betAveen the first two toes. Relations.— It ia



176 Applied Anatomy:

simply covered hij the integumentary structures, and crossed near

its point of bifurcation by the innermost tendon of the extensor

brevis digitorum, Avhich may be taken as the guide to the vessel.

It lies between the tendons of the extensor proprius haUucis and

the extensor communis digitorum, and has the anterior tibial nerve

to its outer side. It rests on the bones of the tarsus and their

dorsal ligaments. It may be tied in the upper part of its course

by an incision au inch and a half long, in the line of the vessel,

on the outer side of and parallel with the tendon of the extensor

proprius haUucis. To reach the vessel it is only necessary to cut

through the skin, superficial, and deep fascia, and hold aside the

innermost tendon of the extensor brevis.

Branches.— (1) Tarsal, (2) metatarsal, (3) communicating,

and (4) dorsalis haUucis.

Collateral Circulation.— See anastomoses, i to G, inclusive,

imder "Posterior Tibial Artery."

The External Plantar Artery and Plantar Arch.—The course

of this vessel may be mapped out on the sole of the foot as

follows :— line drawn from the tip of the iiiternal malleolus to

the point of tlie heel would pass through its origin, which is

rather nearer the malleolus than the heel. From this point it

runs forwards and outwards, taking a slightly arched course, with

the convexity outwards, to the base of the fourth inter-metatarsal

space; this forms its superficial part, and it is covered by the

superficial structures and plantar fascia, the abductor hallucis, and

the flexor brevis digitorum muscles. From this point its course is

deeper; it turns round the outer border of the accessorius, and runs

forwards and inwards to the posterior part of the first interosseous

space forming the plantar arch, lying upon the interossei and the

bases of the metatarsal bones. The arch is completed by the

communicating branch from the dorsalis pedis, and is covered by

the first three layers of muscles of the sole of the foot.

In regard to Wounds of this arch the same principles of

treatment must be adopted as in wounds of the palmar arches. The

vessel is deep—the fascia over it is dense,—the tendons, muscles,

and nerves are numerous and important; a large scar on the sole

of the foot is a serious thing, and, therefore, before lightly under-

taking the operation of tying the vessel at the bleeding point these



Sicrgtcat, Medicai, and Operative. 177

focts must bo duly weighed for the patient's sake— for it is not
a questiou of mere operative dexterity. First, see that the vessel
IS more than wounded, make sure it is completely divided •

if this
IS not sufficient, then Second, use a graduated compress properly
applied, comhined Math elevation of the limb; if even yet it does
not stop, probably the best plan is Third, to tie the superficial
femoral at the "seat of election," i.e., the apex of Scarpa's triangle.
Ihis, at first sight, may seem too serious for the occasion, but it° is

:not reaHy so. The ligature of the superficial femoral is not surely
such a serious thing as ligature of at least three vessels below the
calf, probably more, and, after all, a considerable risk of failure •

Avhile ligature of the single vessel in the thigh will almost certainly
be sufficient. At the same time it should only be done when
everything else has failed. Fourth, just as in the hand, the
plantar arch may be ligatured directly from the dorsum of tlio foot
.alter removd of a part of one or other of the metatarsal bones
coverlying the vessel (Delorme). An attempt might also be made
tt-o secure the bleeding point by forcipressure.
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CHAPTER XII.

AMPUTATIONS-INSTRUMENTS.

, Means to Command ^'^^ ^
Th^.s of a ^^^^^^^^^^ pelvic Lri.,

,,tcvy as il he. on ^"^^^

^^^^^ of an assistant, or a padded key

in amputation ot lap; tke tluunb ot an ,

^^^.^^^

(a strip of lint is to^^^^^1. cud is .veil

is tlicn nsed to compress the aiteij, ^
Spence's

padded to prevent it ^^l^^^^^^ L fi^st

fecial compressor to^^^^ h s^av^

rib in amputation oi excision oi
^

woodless plan, of first -1'^^° the hinh o^^^^

^^^^ .

^ ^^^^

elevating it for ahont ^ ''''''''

dhection of the venous
f^^tt rnd Ixi using this method

Wor PetitVtourniuuet wi ho^^^^^^^^ u^^^^^

^^^^

there must he no
--^^^^^^^^^^ ,,,i3tant placing one hand

example, is to he held ^^^^^ica y oy
^ ^j^^ A,,^

on the heel and the other on P^^^^^^^^^
Lister has shown

through the veins is not m any . ay mp ed
^^^^

that, hy simple elevation not only is the out

iucreased, hy the action of Petifs

niched, on account of^^^^f^^^y used, compresses

tourniquet with the pad alone,

-^l^^^^^^^^^l effectually. One

both the main artery and the «--^e
^^^^^^^^ I,,,,, i, the super^

disadvantage is that it also arrest the flo. o
^ ^^^^

ficial veins, which are thus soon
f^^^' ^l hence, therefore, ^i^u

ting the eai^y^ages fJ^^^^Z^^^^^ K^
tourniquet should -Vi^^t^^^" Plau.-H^ '^^1-

to he commenced. ('•)
Esmarcns
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Ibroad clastic bandage, spirally, from the distal extremity of tlic
limb to be operated upon to the point at which the elastic band
"1- tourniquet is to be applied; after applying the tourniquet he
-•emoves the broad bandage. By this means the limh is squeezed
absolutely bloocUess and remains so during the whole operation
.several objections have been urged against this plan:— (1) It is said
00 predispose to reactionary htemorrhage, probably from some injury
00 the vaso-constrictor or the vaso-dilator nerves, so that the vessels
<Io not contract and retract as they otherAvise would, and as there
s absolutely no bleeding during the operation they cannot be
een and secured so well as in other methods. Again, one of the
.ssential conditions for the natural arrest of hitnnorrhage is absent,
iz., blood, so that the small vessels have not an opportunity to
eal themselves during the progress of the operation. (2) In cases
•t putrid sores, or soft vascular malignant growths, it is not ad^-is-
tble to force the noxious products further up the limb. (.3) ^^l^ere
he elastic tourniquet is used it is impossible to loosen it a little
J as to let just enough blood down to make the open vessels"
Msible and give the smaUer ones an opportunity of being plu^-ed
aturally by blood clot. With plenty of assistants this is L feat

'

disadvantage, but in operating single-handed it would be a serious
^convenience to the Surgeon, and risk to the patient, from loss.
' an unnecessary amount of blood. Screw tourniquets, such as
otits, have not this disadvantage, as they can be slackened or
3'ntened at AviU.

2. Straight Bistouries, narrow and broad-narrow-bladed, for^iplc in ampliation of the phalanges of the fingers and meta- ,

Tsais of fingers and toes.

3. Scalpels, not too broad-bladed.

u irl'-'^f
^'^"^'"^ 1'^^^^^ °f ^^^tacarpal bones.

3.served
^'^''''^ P^^'t 1-

•ir llT^f """^"^^^ If transfixion,.

Z Tfl i '''' ^'"-^ ^ ^''^^ t« diameter

Hn n
aniputated. Specially shaped knives are made for

<
cucular method, althougb it is not by any means necessary tu-
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blade is of the ^-^^^^
^^'^^^^V r; it Ts Bli.Mly curved towards

Uke a transfiKiou knife, ^-1
-^^^^^^^^^^^ f»J ,,,,,,,,

the point, the concave snle o^^^he curv
^^^^^^^^^ ^^^^^

the edge of the kmfe. By
^"^^^^^^re easily. In making flaps hr

the operator can encircle the hnih "^o^^^'^^^^^^^
^^^t be raised

aissecU the skin Jhe
^^^^^^^^^^ ..ust always he

as one layer, and m doing bO the ea e
^^^^

directed a.a,/rom the slan (3-^^^^ °?^;^ ,Joved, neve

the dissecting-room) and ^oW^
^^^^^'^/^Hs means we avoid

towards the nnder surface

"^If"^^^^^^^ that go to noxirish

cutting the small vessels m h^^s^^^^^^^^^^^ The

strong, movahle hacks ; ;\%be hone, previously

tions, as finger and metacarpal saw.
^^^^^^ ^^^^^^

cleared by the knife, place-the ''^^^ f 7. ^^^^^^ j,i,t of the left!

Hade heing steadied by resting ^^^^^^^-A, you, - order]

thumb, and then draw
^/^^a tbus prevent it slipping

to make a groove for .t to run n^ a^
1^^^^^^^ ^,„i,tj

,about ; after this, use long.
,,,e to hold the honei

to heel, the assistant in the ^^^^"^^^^"^
^^^^^ ^ ^.i^i^g it. nor snap]

such a way that he ^^^^^^^)^^T^;tl.^^Z it- Another

it through, before
^^^^P^^.^^r rrto dl-ect the assistant

.KceUent way to avoid Bl^-t-n|i to d
^^.^^^ ^.^.^^^

J

gentle extension m the
.bould be sawn through,

Lnbs with two bones of equal sue y
^^^^^^^ ^^.^.^^^^^

^
together ; if of unequal size, ^"^-^-^^ Bianipulated that its

i,°the case of the femur the ^-T^^^^ ^be rest of the bone

posterior ridge ffea asj^^ra)
^^^^'^^^^^^^ ^^^ere is but one bone,

is entirely sawn through
^^^fj^X ,horizontal to the vertical.;

if the saw is S-;!- rr TO

the bone is less likely to snap a loss
^^^.^ purpose use

The bone:-(l) W.r. ^^^^^^.^^^ to point, roinid the

under segment ottuc uon ,
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Issegment. (2) Wliera there are two First clear by sweeps
Icof the kmfe round both bones, as in the last method, and next
fccut the interosseous membrane and tissues between the bones in a
pigure-of-eight-like way between and round the bones, always takin-
fccare not to let the edge of the knife be directed upwards between
kthe bones, lest the interosseous vessels be divided too hi.^h up for
•"easy ligature.

°

7. Ordinary Artery and Torsion Forceps.
8. Tenacuia.—Teuacula are required in some operations where

ihe vessel cannot be secured by the ordinary forceps, as in cases
tvhen amputation is performed at a point where an artery is passing
oetween two bones, and is apt to retract so much that it cannot be
.aught by ordinary methods, but must be secured by hookino- up a
luttle of the sun-ounding tissues with the artery. This is best done
l^y a tenaculum plunged deeply tlirough the tissues, and made toWfix tlie vessel which is then pulled forward, and tlie tissue
nth the artery, tied under the tenaculum. Cases in point are met

fr/ith m amputation just below the knee, where the anterior tibial

1 f
tlie two bones

J also in amputation just
ealowthe elbow joint, where posterior interosseous artery passes
iirough between the radius and ulna. A like method of securin-^
essels may be necessary in amputating through chronically inflamed
nr s, or m places where the coats of the vessels are diseased, so
.at they cannot be pulled out sufficiently for the application of
>e ligature._ A curved needle threaded with catgut may also be

k.ed for a similar purpose, and is more generally used now-a-days
wan the tenaculum. •'

9. Lion Forceps.-Used, for example, in Svme's amputation atle ankle joint, Garden's at the knee, and Jordan's at the hip

^eL'ofiii:X.^'
''''''''

|e needle for wire sutures has deep lateral grooves near the eye,»that the wire may lie smoothly, and not obstruct the passage
I

>
needle through the tissues.

^

^ °

13. Scissors.
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'

H. Retractors ot *o„g '^^:f^Z^^^to is tut l=°"»'.f. , \C» .1^^^. Th« method of

detracting the tissues - -
„„t „„t nece.«>ry

rtnxU'r;rt:ri teeth o. th.

fvom impregnation with sawdust.

15. Dissecting Forceps.
^

AssistantS-Thenu...
ve.nived wdl noceWy ...y

The following is a fairly complete list

No. 1, to administer chlo^^^^^^^^^^
^^^^ ^^^^^^^^^

Ko. 2, to empty the limb oi ui

4. +oW Plnrcre of the tourniquet, etc.

'^^•^oftfautUtotl.^
,

Ko'. 4. to hold the part to
,,,, ,f HoJ

No. 5, to
jerato-U^^^^^^^

^^^^^^^^
J

nnd catching up small
^^^^fJ"^ ,ator.

ligaturing the vessels as t^ a^e seized P ,

No. 6, to hand instruments to pm^-
-^^^^

No. 7, to wash sponges and supply them i

^or operator.
^^^^^^ pien

In a well appointed hospital ^^ ^^ ''''"^
tice, it .

of assistants; hut in many cases eg
^^^^^ ^^^^^^^

^.
J

impossible, and the operator as to

^ ^^^^.^^^^^ ^^^^^^^^

Wed. Hereaft- -desc h ng t^^
1^^ ^^^^.^^ ,

,

unnecessary repetition, ^ f'^ ^s-ith an occasional reference to

-xssistant who has charge of the leg, m

Tone who has to look after the flaps.

DirrERENT METHODS.
^

, The Circular ^^o6(B^'Z^^^^
r-r^:r^orfk^^
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thenceforth knoAvn as the '^trijpU incision." The integument bein-
drawn up by an assistant, who grasps the limb with both hands°
the operator divides the skin and fat by a single circular sweep
ot the knife; the skin and fatty tissue are then dissected back
as one layer for a distance equal to half the diameter of the limb
ihe muscles are next divided at the level of the retracted skin by
another circular sweep of the knife, and retracted for a distance
varying from one to two inches, according to the thickness of
tiie iimb; and, lastly, the bone is cleared and sawn as high up

U1S possible. In this way, when the soft parts are broucrht into
position, the bone is at the bottom of a deep cavity, the object
being to prevent the "sugar-loaf stump." The name, "triple

:
incision," was given to this method by Mr Hey, who also advised
ithat the posterior muscles should be cut longer than the anterior
I to compensate for their greater retraction, as they are cut further
th-om their origin, and therefore retract more than the anterior The
}fird incision is through the skin and fat only; the second, throuo-h
tthe muscles; and the third, round the bone to separate the musclesmnd clear it .for the application of the saw. Advantages-(l) All
the blood vessels are cut transversely, and are therefore more likely
tto contract and retract well and prevent unnecessary hremorrhage;
((2) m fleshy limbs it is specially good, as it prevents redundance
cof useless muscle; (.3) the surface of the wound is smaller than in
:fche flap method. Disadvantages-(l) The cicatrix is opposite the
na ot the bone and adherent to it; in the lower extremity this

•IS a serious disadvantage, as the patient can never bear any part
of the weight of the body upon it, and besides it often causes
a painful and tender stump. (2) It is a tedious and therefore a
•very painful operation; this, however, is of no consequence now,

he patient is anaesthetised. (3) In stitching up the wound
puckered corners are left at each end, the skin of the two sides not
.-ying .smoothly in apposition.

^

II. The Flap Method.-By flaps, formed either by cuttinc.
rrom without inwards, {i.e., by dissection), or from within outwards
'.e., by transfixion). Tlie number, size, and position of the flaps
^ary much; tlie flap furthest from tlic main artery should be cut
Tst. Advantages-(l) It is more easily and rapidly performed
t.s compared with tlic circular, and i.s therefore less paiiiful to the
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S„,geon. are *
j'^'ite muscular tissue, it is said,

i,i a stamp is an uamiied eiu. i
^j^^^,^ ^

atrophies and itoally disappears so that, from tb p ^^^^^
the cirenlav would he as 8°"'' ^ « ".'^

J " 1=--
that, although the ^«-'^«-

'^"-^
^ ^TflV Lpntation is hotter

it resistant >ir»,« t.». © AtO ._^__^P
„„ffiacations

than eiroular. W »
^,,,31, „e out ohhqnelj, and

Disadvantages-!!) Many »•
^ „o„,d were

thoroforo do not retract ""^
"^^^^^ J artery

they out transversely as m «>» «" >

^ „ta tailed to

,„ay even he ^V^^^^^1%^ ^.l.^, on aecount of

produce so good a stump as "
,3^ ^j^^ g^face

of the woimd is larger than m the
^ ammitatious care

disadvantage of ath"^ l^^.
must he taken not ^ ^U^u ^ ^^^.^^ _ j,, ^^scular

Transfixion
^^'-'^^^f'^^^^^^-.eduudant,

heavy, and easoly

limhs the ilaps are apt
J*^^^ ^^i, delays primary

displaced ; fvu-ther, the muscle sta
.

^^^^ ^^^.^^

union, and is very painful to patienL
^^^^^^^^

speedily performed.

divided, hut it IS more 'ii&^^^l^^?*;^^
tucked in to allow,

there is much
--^f^^^^'l^^^^^, gaping of the

the skin surfaces to ^f'^'TL nmny other evils. TheJ

wound, giving way of the ^^xtches jd many .1

,Hn, too, is often divi^^^^^^^^^ Operations the

stretches hefore the knife, um o

U.h should he held so - ^^el^^^^^^^^^^^^
can hettJ

Dissection—The flaps can oe i
-^.^ ^j^termg mt^

choose the relative proportions of mus^ -

the flaps. It is less easy 0 V^^^^l^^^ L hon^ is too thinly!

„,any places it is -^--We to t^^^nsfix

^^^^ ^^^^^.^^ |
covered, e.g., -^enor aspect of e

^^^^^ ^^^^
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be shaped by dissection, otherwise the tendons and muscles bein^
loosed by the injury, yield before the knife and are dragged out.

°

III—Combination IWetliods (Flap and Circular).

1. Modified Circular (Syme).-Two semi-lunar incisions, mth
their convexities downwards, are

.
made through the integuments

torming two short flaps, each equal to one-quarter of the diameter
ot the limb; the flaps are then dissected up and the skin and fat
above the bases of the flaps raised, as in the circular method, for a
distance equal to the length of the flaps. .The muscles are thus
exposed, as m the circular method, at a distance equal to half
the diameter of the limb above the convex ends of the flaps, and
are then divided by a circular incision on a level with the retracted
skin the superficial layer of muscles on the posterior aspect beino-
divided one-quarter of the diameter of the limb lower down than
those on the anterior aspect-z.e., on a level with the base of theskm flaps. The soft parts are then forcibly retracted, and the bone
cleared and sawn higher up.

The only difference between the « modified circular " of Syme
;and the " triple incision " of Bell consists in the mode of dealing
-with the skin; in fact, it is just the circular method with a small
A-shaped piece of skin removed from each side. The "modified
circular" IS speciaDy useful when amputating through cone-shaped
parts, as, for example, just below the calf. In that position, were

^

the ordinary circular method used, it would be impossible to retract
ithe skin sufficiently without splitting it; but the modified circular
^renders Its retraction easy. In the upper extremity also it has the
.^eat advantage of giving the longest possible stump; and the fact
that the scar ,s opposite the end of the bone is not such a serious
objection m the upper extremity as it is in the lower. It is also
>u.eful m amputations through the fleshy parts of the thigh, and in
p ra^ns be^ow the knee. It gives the longest possible stump,xnd the smallest possible wound compatible with good coverinc^

yi. the bones. °

2. Teale's IVIethod (hy long and short rectangular fl.ap.).~Th^ong flap IS folded over the end of the bone, and should not contain
-he large blood-vessels and nerves of the limb; and its length and
ts brcadtli should be each equal to "one-half tlic circumference of
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the limb. The sliort flap should only ho one-fourth the length

of the i n. one, and should contain the large hlood-vessels and

nerve. In per ornnng a pure Te.lk, the measurements m^rst be

eareMly made, and the flaps outlined on the limb .vrth mk, before

the Zutatiok is commenced. Whether the short flap is an-

tolr laS or posterior, M'ill depend on the position of the large

IZmJ nerves; at the anlde the short one .vdl be

Posterior ^hile at the wrist it will be anterior, and just above he

elb w iTi will be internal. This method is chiefly used at the

Thk and immediately above the knee. The advantages claimed

l^^:t22 are-(l) The bone is weU covered by sound .sue^

(2) The cicatrix is situated high up on the posterior aspect. (3)

provides a dependent opening for the escape ^.^

^^-^-f^ ^^^7^^

Uent can bL a considerable ^^^^^^^^^^^^
stump Its disadvantages are—(1) ihe gieat ien„u

flarts Th s necessitates much time anu lu i

':tll. (3)
Theanteriorflapisdouble^^^^^

therefore, great risk of impairing its

J f ; j^^^^^
for malignant disease there is

^^f^^^^^^^^^^^^ the same

flap than in two shorter ones, the
^^^'^^Zlo the soft parts this

level. (5) So also in cases of grea n u to the_^^^^ P
^^.^^

method would be impracticable, as
.

the first
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Its breadth should be fully one-half tlie circumference of the limb
and Its free end gently rouiuled. A flap four inches in length will
be sufficient for a limb twelve inches in circumference. On the
posterior aspect the soft parts are divided obliquely towards tlie
bone, beginning three inches lower than the level of tlie base of the
anterior flap. The whole of the soft parts are then retracted, and
tlie bone is sawn two inches higher up than the base of the flaps
I his method IS almost restricted to the lower third of the thi^h
and IS specially valuable in muscular limbs. It is interestino-^o
observe the gradual and silent lengthening of the posterior flap inMr Spexcbs amputation. As introduced, there was no posterior
flap; lu his later years he cut the tissues behind obliquely, so as to
form a short posterior flap; and in the present day operators make
a square posterior flap at least half the length of the anterior. This
gradual lengthening is probably due to the fact that, in amputations
hrough the lower third of the thigh, a flap length, at least equal
to twice the diameter of the limb at the point where the bone is
sawn, must be provided, instead of the usual one and a half The
advantages of this plan over Teale's method, so far as regards the
length of the stump, are more apparent than real. If Spence's ffaj)
be two inches shorter than Teale's, he saws the bone two inches
higher up than the base of the flap, whereas Teale saws the bone
on a level with the base of the flaps. But Spea-ce's is more easily
performed, provides as good a covering to the bone, the cicatrix ism a good position, the wounded surface is less, and should it fail to
Jieal by the first intention it is more manageable.

4. CaPden's Method.-A rounded anterior flap composed of skin
and .subcutaneous tissue only. Its form and position resembles very
closely Spence's anterior flap. Before sawing the bone the soft
parts are retracted a little ; there is no posterior flap. This method
IS used principally at the knee joint in amputation through the
ba.ses of the condyles. In Garden's amputation, as in Spence's,
the .same gradual development of a posterior flap is observed

5. Lister's Method resembles Ti?ale's somewhat, only Lister
takes the flaps more equally from the anterior and posterior surfaces.
Uis method has all the advantages of Teale's plan, without its dis-
advantages. The anterior flap is about two-thirds of the diameter
ol the limb at the point where the bone is to bo sawn, and tlie
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posterior, half that length; as compared with Tealk, there is less

sacrifice of sound limh. The scar is situated behind, and there is a

free exit for discharges. Tliis method is best suited for amputation

throu-h the fleshy parts of the fore-arm, leg, and thigh. The flaps

are made hv dissection, and are chiefly composed of integumentary

structures fif it he deemed necessary, however, some muscle may

he taken up at the base of the anterior flap, to lessen the risk oi

s'loushing. The posterior flap is composed entirely of the skin,

subcutaneous tissue, and fat. The flaps are then raised and t^ie

muscles divided by a circular sweep of the knife, and retracted for

a distance equal to one-quarter of the diameter of the limb, and

the bone divided at this point. Should the retraction of the flaps

prove difficult, it may be necessary to carry an incision upwards

from the angle of the flaps to the point at which the bone is sawn,

either on one or both sides-somewhat after the manner of Ibale,

only he makes the lateral incisions at the beginning of the operation.

In the thigh it is found necessary to retract the muscles for a

distance equal to one-half the diameter of the limb, further, xn

the lower thirds of the leg and fore-arm it is necessary to make the

anterior flap equal in length to the diameter of the limb, m oi^e

to ensure a good covering for the bone, and at the same time make

certain that the cicatrix shall be situated behind; the reason is

that the hones form a greater proportion of the thickness of the

limb in these situations.
, ;i

IV The Oval Method.-This plan is specially adapted for dis-

articulation of the fingers and toes, shoulder and hip.

^'^J ^^^,^
circular amputation with a straight incision up one side of the limb

i h the aigles, where the straight and the circular incisions mee

ounded off. Wlien the straight incision is longer than usual, it

s in called the "racket-shaped" i---' -^^^^^.^^ ^f^'t
for example, in amputation of the metatarsal bone of the little toe

The'tst method of amputating the Lower Extremity (except

where there are special methods adopted, such as Sya.es at the

Ti kle) is in my opinion, by anterior and posterior flaps made by dis-

Son w Si m'uscular tlssL taken up towards their bases to preven

Te :Sn sloughing-say, one diameter of^n and subc—
tissue only, and half a diameter with muscle as ell. In the



Surgical, Medical, and Operative. 189

of Mackenzik's amputation at the ankle joint, however, this rule
does not hold, as we must go down to the bone at once and take
muscles and all at tlie very apex of the flap for the sake of pre-
serving the posterior tibial and plantar arteries. The total flap
length should be eipial to a diameter and a half of "the limb at the
point where the bone is sawn, the posterior flap being about one-
half the length of the anterior, and both flaps should be almost
square, the anterior simply having its corners rounded slir^htly
The breadth of the anterior flap should always be fully one-half
the diameter of the limb. In regard to the diameter and circum-
ference of limbs, it should be remembered that the diameter is
rather less than one-third the circumference (D = C 3-141 G).
Of course, theoretically, flap length equal to one diameter of the
limb ought to cover the bone

; but on account of elasticity and
consequent shrinking of the skin, and the contraction of the
muscles, one must, at least, provide another half diameter, and in
some cases even another whole diameter. In the method above
advocated, supposing the limb to be eighteen inches in circum-
ference at the point where the bone is to be divided, we may either
make an anterior flap six inches long, and a posterior three inches
and divide the bone at the bases of the flapsj or else make the
anterior flap four and a half inches long, and the posterior two
and a half inches, and then retract the muscles and clear the bone
one to two inches above the bases of the flaps, and there divide it

In the Upper Extremity the best method of amputation is by the
mocbfied circular," or else equal anterior and posterior flaps made

by dissection, the total flap length being equal to a diameter and
a hail oi the limb at the point where the bone is divided.

SPECIAL POINTS IN REFERENCE TO AMPUTATION.
Whatever method may be adopted, the following objects must

be clearly kept in mind:—
I. Use every possible endeavour to save the patient's life, and

gjve him the most useful limb-or stump rather- afterwards.
Mere brilliancy ' is not to be thought of in amputating; it is
proljably one of the worst qualifications a Surgeon could well
nave A living brother-man is at your mercy, who probably has
iiui bread to win, and not only that, but perhaps also is the sole
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support of a M'ilc and cLildren. It behoves a Surgeon Ua-refore

Tcyond all things, to keep in nnnd the golden ^^--^
hv One who was at once the most successful Surgeon, the greatest

TeadL, and the truest Man that ever lived-" There ore, al
l

h.ng

.vhatsoever ye would that men should do to do ye even so

'°
'^''provide a sulhcient covering of healthy integumentary struc-

tures, with as httle loose muscular tissue as possih e^ The

amount of flap length should be eciual to one and a half tunes

rSLeter of the" limb, at the point where the ^-ys sa^-u

The hu-e nerves should be gently drawn out and cut ofl short a

he 1 vel of the divided bone, to avoid their being mcluded m th

cicatrix causing a "painful stump," more especaUy as they shou

r^::'teuden^ to grow at the proximal end, ^^^^^^^
f T.-iidons are also to be cut short if they piojcci

r ,, md Ucmlm" ^viHl tl.o too iu the mighljomliood of U,o

this is very well shown in Syme's amputation at the anJae. i

t s sho il as a rule, be made by dissection, and the anterior i

flaps '

J ^^„th of the posterior. A very important

^al:;^:!r: a stump, ^mch cannot be done with

^"tS^il^S'bc situated towards the posterior ^rt, and

..ti'^ose t.e long^^^^Zs^
Tffil ttbT - is better protected

the front than '^'^^^^- ^.r^^ the patient may be able to bear

from pressure and lujuues, ana i i
^^^^^

pull up the scar still thei ii o

t p-iio. .„u*. contact than tW..enc.
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of the limb during the after treatment. In the fore-arm the Ion.-Hap shou d he taken from the dorsal surface-though, as a matter
ot lact, the doi'sal surlace of the fore-arm corresponds to the
antenor surfoce of the leg. Elsewhere it must come" from the
anterior sur&ce, provided there is no special reason to the con-
trary-as m amputations of the foot, ankle, and wrist joint: in
«iese situations the opportunity of getting a pad so fitted by
iNature for the purpose intended, haying been previously accus-
tom_ed to bear weight, outweighs every other consideration.

0. Iry to save as much of the sound limb as possible, for the
nearer we approach tlie trunk the greater is the danger to the
patient; and besides, the longer the stump the more po.^er will
he possess over any artificial limb. The longest stumps can beob^med by the "modified circular" or equal anterior an] posterior
naps. This however, must not be obtained at the expense of
otlier equally important principles, as good drainage, posterior
position of scar, etc.

Sul°o'*'
l" °^ Surgeon.-In regard to tlie position of tlie

burgeon during the various amputations many things wiU have
to be cons;dered. For example, in performing Jiap c.np^Mu,.,many Surgeons prefer to stand in such a way that they will bJ
ble to control he flaps with the left hand, and if necessary, the

r^of t?'
tbe stump-.'..., always on the riglit

W ^^"^^-t^^^^ting to the. assistant to steady the limb^lunng the application of tlie saw; while others prefer to stand onhe other side, so that they themselves may grasp the part to be^ovod in the left hand, and steady it during^hi use ofthe saw,
^
hde the assistant ibises the anterior flap. The latter method will
a e to be adopted m cases where assistants are few, or where the

•irr7"tV'';°^'"^""^^^'^^- ^^^-^^S tnm^xion operations it
11 on the whole, be more convenient to stand on the left side of
e imb to be amputated. In operations on the hands and feet,nst and ankle the Surgeon will stand in front of and facing
e pa t operated upon. Further, the convenience of bystanders

lb •
' T " ^«"«"lted, the Surgeontana „g in sucli a way as not to obstruct the view any more than

mmd .fi ^\ '
"'"^'''^^ "^^y ^« stated that in flap

mputations by dissection pure and simple, or wliere the anterior
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iiap is made by dissection and the posterior by transfixion, as

in the npper arm and thigh, he should stand on the right side

of the hmb to be removed. In circular amputations he may stand

either on the right or left side, as may be found most co^'emeirt

;

while in pure and classical transfixion he should stand on the Icit

side of the limb to be removed.
„,„„fnH,m

Position Of the Patient.-In a general way, in amputat ug

the Upper Extremity, the patient should be brought weU to the

ed'e of the table, next the operator-the part to be removed

projecting beyond it; in amputating the Lower Extremity, he

Zld be drLn well down towards the end of the table s

that the part to be removed may project wel beyond .ynd l e

held there by an assistant, seated on a low s pol

^^J^^ ,

patient-the sound leg being secured by a clove hitch to a k,

"^^^ Sump.-The vessels having been aU sc.ur^,

the siXetf the wouml should be washed .nth ^—
t.^^^^^^^^

solution, and then sponged dry. After this the edges of the flap

must be adjusted and kept in apposition by sutures; as good as

T'.m..or.-.^..o.^..V^^ and non-absorbent sutures of horsc^

hafr-the deep sutures consisting of double hairs, the supei-ficia

of in.l and in both cases, when tying, put the first knot tw.

hrou"h before tightening it, to prevent it slipping or slackening.

T o Deep sutures are known as satur,. of support and rdcua-

' JtlTbe- the strain and relax the ed.es of the wound

r'first 0 should be inserted at the centre of the flap, and

otl ef ira^^e^^e^^ this suture and the angles of the wound,
otheis miaway

sufficiently supported and relaxed.

• 'itrdeTp sits- sSd et a good Lid of the skin and fat

ihese deep suiu o
sometimes the

11" deep" sutures finer sutures must be mser ed,
^-^^^^^^^

b n- the^kin edges into accurate apposition; these Sup ficxa^

ief^e known as. " sutures of ^f^^^^J^^TL^,
i„troducing the ^ff^^^ ^^Z^T^^ <^

in-turning of the cut edge of the skm or p

fat or blood-clot between the edges of the wound^

perforated rubber drainage-tubes must be mtxoducea
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angles of the wound; they are to be cut level ^vith the skin
surface and fastened ^yith a horse-hair suture or safety-pin toprevent them slipping into tlie wound. The use of the tuhe is
to avoid tension and pain by removing discharges, and in doin<.
so It also removes the soil in which putrefactive organisms woulS
flourish; the tubes may be removed at the end of twenty-four or
thirty-six Lours. The wound should now be filled and be a^ain
washed out with warm antiseptic lotion by means of a syringeand then squeezed perfectly dry by means of sponges. O^.e
dressings are next applied; a strip of green protective is appHed
along he wound, over this a few layers of wet gauze, and then
a quantity of antiseptic wool, to give gentle support and exercise
equable pressure, the whole being kept in position by bandages. -.

.bo, nV '

r . P'^"^^^^ ^ P°«terior sphnt
should be applied and bandaged to the limb. Professor Chiene
prefers this splint to be made of fairly heavy sheet lead, witli
perforations; the perforations are to allow blood to come thiou^h

Tnt? ?. T'l
as otherwise the stump would bleal'

into the sphnt and dressings, and the patient might thus losejjnuch blood before the accident was discovered. The stump mav)be raised for the first twelve or twenty-four hours, in o e 1lessen the .risk of h.moixhage, but after this it should be p cem a horizontal position.
^
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CHAPTER XIII.

AMPUTATIONS OF THE UPPER EXTREMITY.

In regard to amputations of the thumt and fingers, the cardina,!

principles to he kept in mind are-1. To keep up the fuU hreadth

of the hand, so that it may retain, as far as possible, its grasping

and lifting powers; and, in order to do this, the heads of the

metacarpal hones, at least of the second and third fingers, must

not be interfered with, for a contracted hand is a weak hand,

however shapely it may appear. 2. To save as much as possible

and to maintain the opposability of the thumb or remnan

thereof 3. Not to interfere with the palm. 4. That the ughest

and worst natural appendage is immensely superior, to its possessor, >

to the most ingenious and artistic artificial hand.
_

In performing amputations on the dead body the following instm-

ments are required A proper knife or knives, (2) bone pliei^,

(3) a proper saw, (4) lion forceps, (5) artery forceps (6) ligatuie.,

and (7) scissors. They must be aU selected before begmnmg he

operation, and placed on a small tray,
-jf^^^^^ f^^Vto

operator's right hand. The subject should be brought weU to the

side of the table in all amputations of the upper extremity.

A TERMINAL PHALANX.

This amputation may be rendered necessary for injury or

disease A very common cause is the result of a bad whitlow. In

th tlow, or abJcess of the pulp, the bone is very apt to necrose

Jn acco mt of the close connection between the fibrous tissue

Lpos°ng the pulp and the fibrous periosteum immediately be ow

m b se of the bone, however, usually escapes, because the

the tendon of the long flexor is attached, and is surronnde

ly its sh ath, and this, It would appear, protects the periosteunu
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Fig. 35.

The Hand.

lal phalanx, by a single imlniar flap.

Through a terminal phalanx, by double flap.

. Amputation of a finger by the double lateral llap.
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It should Idg observed that the phalangeal joints are concave,

the concavity pointing towards the tips of the fingers] but that

the metacarpo-phalangeal joints are convex towards the tips of

the fingers.
v mi i. i

1st Method—By Single Palmar Flap (Fig. 35, E).—The hand

should be emptied of blood by elevation, and an elastic tourniquet

applied just above the wrist. It must then be held at a convenient

height for the operator by an assistant, who flexes the elbow of the

arm to be operated upon, places the fore-arm between his own left

side and left arm, flexes the wrist, and places the hand m the prone

position; the fingers on each side of the affected one arc to be well

abducted and turned in towards the palm. The operator should

Fig. 36.

Bent Finger.

0

A B ami C D—Lines showing how to find the joints

between the phalanges.

c—Tubercle at the base of the second phalanx, wlucli

may be taken as the guide to that articulation.

Stand facing the hand, and must be provided with a narrow-bladed

bistoury. He next grasps the tip of the phalanx to be removed

between his forefinger and thumb, and bends it to a right angle

with the second phalanx, and then by a transverse sweep of tl.c
,

bistoury, from heel to point, opens the joint, ^drich is concave

towards the tip of the finger. The usual rule for finding the join f

is a good one-thc joint is on n level with an imaginary line draxvn .
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along the mickUe of the lateral aspect of the second phalanx, when
the hnger is held as directed (Kg. .36, A B). The knife is then
to be earned round the base of the phalanx, the first and second
phalanges m the meantime being extended, while tLe terminal
phalanx is still further flexed as the lateral ligaments are divided
^\ hen the knife has cleared tlie end of the bone, the phalanx beincr
amputated should be fully extended and a flap of sufficient len-th
cut from the pulp. Structures divided-Skin, superficial fascia,
digital vessels and nerves, extensor tendon, ligaments of the joint
and tendon of tlie flexor profundus digitorum. In manv cases the
removal of the whole phalanx, after the manner above*' described
..s nut caHed for, aU that is required being simply to remove the
uecrosed piece of bone, the joint, as previously explained, often
escaping. In this way the periosteum may form a new plialanx,
and the finger be comparatively little the worse

2nd Method-By double Flaps (see Kg. .3.5, F).-The assistant
Ul this cci^e must hold the hand supinated, the finger to be operated
upon fully extended, and the other fingers turned into the palm
or held aside m any other convenient way. The operator standing
as before, grasps the tip of the finger between his own forefinger
and thumb, and, while keeping the last two phalanges extendedmay flex it slightly at the carpo-metacarpal articulation. He then
rau.hxes it as close to the bone as possible, taking care that the

l^ack of the knife is just a little way in front (/.e., nearer the tip
ot the finger) of the crease in the skin corresponding to the jointA flap of sufficient size is then cut, and is held out of the way by
'

1K3 as.sistmit The phalanx is next to be over-extended, the joint
-•pencd the knife passed througli between the bones, and a small
ap cut from the dorsal aspect. Provided he makes the palmar

llap^of sufficient lengtli, the operator need not make a dorsal flap

3rd Method.~By Circular Incision.-This plan may be adopted»Hcn tliere is not enough sound material left to form flaps. The
niger may be conveniently held as in the first metliod, only it
"ust be kept extended. The operator standuig as before, makes
circular incision about half-an-ineh nearer the tip of the finger
'an the joint. Tlic structures are tlien to be reflected to the level

I Uie articulation, tlie ligaments divided, and the bone removed.
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A very excellent method is to make anterior and posterior semi-

lunar flaps of sufficient length hy dissection.

THE SECOND PHALANGES.

The second phalanges may he amputated in exactly similar

ways. An ohjection, however, to the amputation of a second

phalanx is that we remove the entire attachments of the flexor

suhlimis and the flexor profundus tendons—the suhhmis hemg

attached to the sides of the second phalanges, and the profundus

to the hase of the terminal phalanx. The broad expansion, how-

ever, of the common extensor that covers the back of the first

phalanx is left, and forms new attachments, and therefore the

stump remains fixed, it is said, in the extended position, being

neither ornamental nor useful, hut positively m the way. One

mi'dit, however, on purely anatomical gi-ounds, suppose that it

would not be quite so useless, for into this same expansion are

inserted the lumbricales (the so-called -fiddler's muscles") a^iA

the interossei muscles. Now, the lumbricales act as flexors of the

first phalanges and extensors of the other two, while the mterossei

also act as flexors of the same phalanges, in addition to their more

evident actions of abduction and adduction. This is theoretical,

and experience alone is competent to decide the question. In the

case of a single finger, therefore, it has usually been the custom,

in circumstances requiring the amputation of a second phalanx, to

remove the whole finger; in cases, however, requiring the removal

of two or more fingers, it would manifestly be better to leave the

first phalanges. Probably, also, in the case of the index finger i

had better be left to act as an opponent to the thumb, but on this

point Surgeons are not agreed. No doubt, the amputation of a

single finger, as usually performed, weakens the grasp of the hand

considerably; but there is no reason why the u^hole o the

phalanx should be removed, its base might be preserved, and th

lould leave the joint intact, and at the same time keep up t^ie full

breadth of the hand. Since writing the ahove, m 1887, i haA C

had many opportunities, at the Edinburgh Eoyal Infirmary and

els where, of testing the correctness of the old teaching on tlus

ul^ ct and I think there can be but little doubt that the old.

Si ; were wrong-I mean, laboured under a misapprehension.
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I have seen a number of cases now, where the first phalanx, or

only a part of it, had been left, and in every case the flexion

and extension of the stump were perfect; and not only so, but
it added very greatly to the usefulness of the hand, so that even
here the rule holds good—" Save as much as possible." There
is, however, one condition where, I think, it will always be found
better to remove the finger at the metacarpo-phalangeal articula-

tion at once—even when, at first sight, one might be tempted to

leave the first phalanx, or even the greater part of the second as

well—I mean in cases where the cellular tissue of the finger is

much infiltrated with inflammatory material, the result of whit-

low, and this even when the tendons, with their sheaths and
the bones, are unaffected. Should the finger be left under these

conditions the patient will almost certainly return, if he be a

working man at any rate, with the request that the finger be
removed altogether, as it is useless and always in the way. This
is because the tissues as they heal undergo so much contraction,

and so much new fibrous tissue is produced, that the finger is

rendered rigid in spite of the muscles acting upon it, although,

as Mr Duncan has pointed out, the tendons and their sheaths, in

almost every case, are seen to be quite healthy when a longitudinal

section of the finger is made after amputation. In regard to the
second phalanx, however, a compromise has been suggested. The
hand being held in the same position as in the first method for

the removal of a terminal phalanx, the operator makes two short

antero-posterior semi-lunar flaps (see Fig. 35, D). The dorsal flap

is made by dissection, its length and breadth being each equal to

one-half the diameter of the finger. The dorsal flap being com-
pleted and retracted, the finger is then transfixed at the base of
this flap, the knife passing in front of the phalanx, and a semi-
lunar flap, equal in size to the posterior, cut from the palmar
aspect. Both flaps are then retracted slightly, and the bone
divided by the bone pliers at a point previously determined. The
flaps, if preferred, may both be made by dissection from the lateral

aspects of the phalanx. In cases where the whole phalanx is

removed, the tendons, both flexor and extensor, should be stjtched
to the periosteum of the remaining phalanx and to each other, in

the hope that they will form new attachments, and give a movable
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:

and useful stump. The rule for finding tlio joint is the same

as in the first phalanx, or the tubercle at the base of the second

phalanx may be used as the guide (see Fig. 36, e).

AMPUTATION OF A WHOLE FINGER.

The means to command hfemorrhage, the duties of the assistant,

and the position of the operator, are the same as in amputation of a

terminal phalanx by the first method. It should be observed that,

from the palmar aspect of the hand, the metacarpo-phalangeal joints

are fully half-an-inch behind the clefts of the fingers, thus corre-

sponding very closely with the palmar furrow formed by the flexion

of the fingers at the metacarpo-phalangeal joints. Kote also that,

ivhen the hand is clenched, the knuckles are formed by the heads

of the metacarpal bones, and that the joint is midway between the

posterior surface of the icnuckles and the clefts between the fingers.

Ist Method—The Oval Operation. (Fig. 37).—This method

lias the advantage that it does not interfere with the palm. The

bistoury is entered about half-an-inch behind the head of the

metacarpal bone, and after making a short median incision, passes

obliquely round the right-hand side of the root of the finger as

far as the point of union of the web with the palm, and then

across the palmar aspect of the finger in the crease of the skin

at its root. Up to this point the knife has not been removed from

the wound, but has been gradually laid on from point to heel;

but to complete the oval the knife is removed, the left arm and

hand of the Surgeon raised well out of the way, and the tip

of the finger being amputated so held that now his thumb lies,

against its palmar aspect—Avhen he commenced the operation his

thumb lay on tlie dor.sal aspect. He then re-enters the point of

the knife at the end of the median incision on the dorsal aspect

of the hand, and the remaining part of the oval is completed as

on the other side. This plan is more convenient and neater than

the method usually adopted of re-entering the point of the knife

on the palmar aspect, and carrying it up from the palm to the

dorsal aspect, and completing the oval in tliat way; further, by

the plan above advocated, one is more likely to make tlie two

sides of the oval symmetrical. Ey the other plan, m making the

second part of the incision, the Surgeon's right hand with the knile
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IS OYcr the buck of the patient's haud. The skin oval is then to
1)0 draM'n well back by an assistant, tlie flexor tendons cut, and
the joint opened by the division of the right lateral ligament. The
kmfe IS next passed round the base of the bone, and tlie structures
-n the other side are divided from within outwards; or the finger
'lay be removed by twisting it round while the edge is pressed
igamst tlie base of the first phalanx. In the performance of this

Fig. 37.

Oval Amputation of Finger.

Showing tlio sliapc of the wound in the "oval" amputation, with
the head of the metacarpal bone.

'nration it is of great importance to avoid any injury to the web
u-een the fingers. This is best accomplished by cutting upon
ba.se of the phalanx as the knife passes towards the palm, and
such a way that the centre of the lateral part of the oval may
s ightly convex towards the tip of the finger. By doing so the
"I ot the bone i.s better covered, and there is less cicatricial
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contraction of the hand afterwards. If it he intended to remove

the head of the metacarpal hone, the incision of the dorsum must

he commenced an inch ahove the head of that hone; in clearing the

hone keep the edge of the knife close to it, and do not let the pomt

plun-e blindly into the palm, lest a digital artery he wounded at a

point very difficult to secure and tie. Chief Structures divided-

The skin, superficial fascia, digital vessels and nerves, the extensor

tendon joined hy the lumhrical and interossei muscles, the flexor

tendons—suhlimis and profundus—in their sheath.

Fig. 38.

Flap Amputation of Finger.

Showing the shape of the wound in the amputation by hiteral flaps,

,vith the head of the metacarpal bone.

2nd Method-By Lateral Flaps (Fig. 38).-Two equal lateral

flans are formed from the tissues at the hase of the phalanx, the

Invex y of tie flaps heing directed towards the tip of the finger

C p la advantage of this form is that it provides a free exi to

L dTcharUs, but has the disadvantage that it cuts into the pa •

it a separates the adjoining fingers as before and pulU
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the integument on the hack of the hand well ujd, and then the
operator, standing in front of the hand, seizes the finger between
liis own forefinger and thumb and enters the point of the bistoury
immediately over the head of the metacarpal bone, and carries the
incision, "laying on" the blade as he proceeds, in a convex sweep
past the inter-digital Aveb, and ends in the palm at "a point just

opposite tlie point at which he started. This forms one flap, and
the other may be made in an exactly similar manner; or, after

having made the first flap, he may at once open into the joint,

ipass the knife round the base of the bone and cut the. other flap
Ifrom within outwards. The ligaments and the tendons, etc., being
.f divided, the finger is removed.

3rd Method—By Single Palmar Flap (Professor Ghienb)—
((see Fig. 35, C).—In addition to the simplicity of his method,
nve believe that it more nearly approaches the ideal of what
•amputation of a finger should be than any other. It fulfils

aadmirably the three essential conditions, viz.—(a) To keep up the
ffull breadth of the hand

; (5) to avoid the remotest approach to a
ecicatrix in the palm; and (c) it also provides a good covering for
tthe head of the metacarpal bone. Before, however, describing the
operation, I propose to say a few words on the treatment of the
hheads of the metacarpal bones of the second and third fingers.,
lit is usually admitted now-a-days that in those Avho labour with
itheir hands workmen'') they had better be left; but then there
^omes the difficulty of finding sufficient tissue to cover the head
and fill up the ugly gap, and even when the wound is healed
(often after tedious granulation), the cicatricial contraction leads to
f?reat deformity and much crippling of the hand. It was from con-
iBiderations such as these, we fancy, more than for any other reason,
that in the past it has been so universally advised to remove the
laead of the metacarpal bone along with the finger. But what is
the result? The arch is broken, its powerful connecting transverse
Mgament divided, the hand becomes squeezed up as if by an
mcubus it cannot shake ofiF, its free motions are hampered, and',
l-ts usefulness permanently damaged. It is said, however, that in
hhose who do not labour with their hands (''gentlemen"), the head
bf the bone shoidd be removed, chiefly for tlie sake of appearance,

order to secure a taper and shapely hand.
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Fig. 39.

Professor Chiene's Amputation.

.Sliowing the uppuariuicu and positiuu ol' the fic

f Fi-oiu a Ciist kindly lent l-y Professor CniF.SK.)
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lu Professor Chibne's method (see Kg. 35, C), the hand is heldm the usual mauner, and the point of a sharp histourj is entered
just over the raetacarpo- phalangeal articulation, and carried for
about half-ioay round the lateral aspects of the root of the finger to
he removed. From this point two lateral incisions are made alone,
the sides of the finger parallel with its dorsal surface, and these
are next joined by a gently curved transverse incision across the
palmar aspect of the finger just through the crease between the first
arid second phalanges. This flap is then held aside by an assistant •

the tendons are cut oft' short near the base of the flap, and the
finger is cleared from its further connections and removed. The
flap IS then turned up and fixed to the edge of the dorsal wound
by a few points of suture. When the wound heals it leaves a
neat, horse-shoe-like cicatrix on the dorsal aspect of the hand
Avell away from the palm (Fig. 39).

'

Fig. 40.

Professor Chiene's Amputation.

Showing the Kugcr after liemoval.

(From .a cast kliidly lout by rrofessor Chikne.)

THE INDEX AND LITTLE FINGER.
In the case of the index finger (see Fig. 35, ]5), the oval

r-ncsion, or tlic " racket-shaped " modification, is to bo preferred
The straight part of the incision may be made either on the lateral
!.r dorsal aspect of the hand; in either case the incision is carried
orwards to the head of the metacarpal bone, and then the oval
nade round the root of the finger. The lateral form gives a single
-iteral linear cicatrix well away from the palm, and also out of
ight, and 18 probably the best form to use in the upper classes;
Ht in workmen the straiglit part of the incision slioul.l bo on 11,,'
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dorsal aspect of the hand, and the side of the oval towards the free

surface of the hand should he made larger than the other side, in

order that the scar may he placed close to the neighbouring finger.

This avoids any scar on the palm or side of the hand, points of

great importance to workmen. The little finger is treated in exactly

the same way, the straight part of the incision heing placed on the

ulnar side, or the dorsum. Mr Bell, however, in both cases, advises

the use of the ordinary lateral flap method, the only difference being

that he makes a specially large flap on the free surface of each finger

to fold over the end of the bone. In this way there is no cicatrix

on the lateral aspects of the hand. As regards the heads of the

metacarpal bones of the index and little finger, the usual rule is

to cut them off obliquely, either with the bone forceps or a small

saw, in order to avoid the square, step -like knob which would

otherwise remain, and would probably get more than its own share

of knocks. But, again, it is advised by some authorities that in

the case of a " workman " both should be left. The better plan is,

undoubtedly, to remove part of the bone ; it is cut off obhquely m
such a way that the whole transverse breadth of the head is not

removed By this means the ligamentous connection joining the

metacarpal bones of the index and little fingers to the other meta-

carpal bones is not divided. The Structures divided are almost

the same as in the other fingers. In the index finger, in addition,

would be divided the tendon of the extensor indicis, attached to the

expansion over the first phalanx, with the dorsalis and radialis

indicis arteries. In the little finger, in addition to the ordinary

structures, the extensor minimi digiti would be divided.

THE THUMB.

No rules can be laid down for amputation of the thumb. In

all cases as little should be removed and as much saved as possible,

even to half a phalanx. Each of its different segments has a com-

plete set of muscles to command it, and in this respect it differs

from a finger : so that whatever is left will ultimately prove useful.

In cases wliere it is absolutely necessary to remove a considerable

part of one or more of its bones, it should, if possible, be done

subperiosteally, because anything which is under the patient

control and opposable to the other digits, is of the greatest possible
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value. For the sake of practice on the dead body we will give a
short account of what may be styled the classical methods of
amputating the thumb and its metacarpal bone.

1. T'he Flap or V-shaped Method.— The most convenient
position to hold the hand is one midway between pronation and
supination, for then it may be prouated or supinated as required,
the manipulations differing somewhat on the two sides; the fingers
are to be held out of the way by the same assistant. The SuPgeon
may most conveniently, I think, stand in front of the hand. He
grasps the tip of the thumb, keeping it extended and slightly
adducted, and clearly fixes in his own mind the position of the
carpo-metacarpal articulation. On the left side.—The knife is

entered on the dorsal aspect of the thumb about half- an -inch
above the base of the metacarpal bone and then carried obliquely
over its ulnar side till it divides tlie structures forming the web
between the index finger and thumb, the point of division being
rather nearer the thumb than the index finger. The hand is then
supinated, and the thumb bent inwards towards the centre of the
palm to relax the muscles forming the ball of the thumb; and
the knife, without ever having been withdrawn from the wound
IS made to transfix the ball passing close in front of the metacarpal
bone, and its point brought out at the first incision at the base of
the bone. The thumb is then extended and abducted to render
the muscles tense, and the edge of the knife turned towards the
skm and a flap cut from the muscles forming the ball, the line of
ithe incision being made to correspond to the dorsal incision, so
tthat when the disarticulation is completed, an elliptical and shapely
jwound remains. The dorsal flap should now be dissected back a
little, the Surgeon himself holding the flap and giving the thumb
tto the assistant in the meantime, or vice versa. The thumb is now
to be over-extended and the joint between it and the trapezium
opened, the remaining structures divided, and the digit removed,
lin making the palmar flap care must be taken not to lock the knife
'against the sesamoid bones; to avoid this, the direction of the blade
must be altered slightly, by turning/ its edge a little towards the
palm, till it has passed these bones; In the final stages of dis-
articulation, the edge of the knife must be kept close to the bone
to avoid injury to the radial, and the radialis indicis arteries.
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The Right Thumb is amputatod in exactly a similar way, only

in this case the Surgeon first makes the palmar flap hy transfixion,

and then the dorsal one hy applying the heel of the knife to the

web, and cuts up to the end of the first incision, at the base of the

metacarpal bone. He then completes the disarticulation as on the

left side.

2. Oval Method—Racket-shaped Incision (see Fig. 35, A).

—

This may be used either for the removal of the thumb at the

metacarpo -phalangeal articulation or at the carpo -metacarpal.

Begin the straiglit part of the incision at the' base of the meta-

carpal bone, and carry it along its dorsal aspect (as the hand is

held between jironation and supination) to within half-an-inch

of the head ; from this point an oval is carried round the root of

the thumb. The two sides of the incision are then- drawn apart

by an assistant and the operation completed as in the former

method. The Structures divided.— In all the operations, the

skin, superficial and deep fascia, and superficial vessels and nerves.

Muscles cut in amputation through the second phalanx of the

thumb—(1) Flexor longus poUicis, and (2) extensor secundi intcr-

nodii pollicis. Through the first phalanx—(1) Abductor pollicis,

(2) flexor brevis pollicis, (3) abductor pollicis, and (4) the extensor

primi interuodii pollicis, with the previous list as well. Through

the metacarpal bone—(1) The opponens pollicis, (2) the extensor

ossis metacarpi poUicis, and (3) the first dorsal interosseous, with

the previous two lists as well. So that in amputation througli

the terminal phalanx, two muscles are divided; through the

first phalanx, six muscles; and through the metacarpal bone,

nine muscles.

In amputation through the metacarpal bone the Arteries cut

are—(1) The princeps polKcis, and (2) the dorsales pollicis. The

Arteries to he avoided in the same operation are—(1) The radial

artery, and (2) the radialis iudicis.

Little need be said in regard to amputation of the metacarpal

Ijones of the fingers. Should they require removal for injury noj

rules can be given. For disease any one may be dissected out bf

a sin-le dorsal incision. Eemoval of both metacarpal bone aw,

finder may be most conveniently performed by the "racket-shaped

inc^sion-a straight dorsal incision, and then encirchng the rootl
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the finger by an oval incision. It is advisable, wliere pos-
sible, not to remove the base of the metacarpal bone, as in this
v aj we avoid opening up the carpal articulations. In removal

the index finger with its metacarpal bone the following
Structures are divided—skin, superficial fascia, etc.; and the
tollowing Muscles-(l) Flexor carpi radialis; (2) extensor carpi
'
>d.ahs brevior; (3) flexor brevis pollicis; (4) 1st palmar interos-
'us; (5) 1st dorsal interosseous; (6) 2nd dorsal interosseous;

/ )
flexor sublimis digitorum; (8) extensor communis digitorum

vith Its lumbrical muscle; (9) extensor indicis. Arteries divided
--(1) Dorsalis indicis; (2) metacarpal (first dorsal interosseous);
i) radiahs indicis; and (4) part, at least, of first digital from
I.e superficial arch, and probably its communication with the
'
rresponding interosseous from the deep arch.

o
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CHAPTER XIV.

AMPUTATIONS OF THE UPPER EXTREMITY

( Guulinued).

The Wrist—The chief object in amputating at tlic wvisl, ui

preference to higher up the arm, is not so much for the long stump

thus left, as to preserve the movements of pronation and supination

unimpared. To insiu-e this it is necessary that the inferior radio-

ulnar articulation should be healthy; hence, it is no use performing

this amputation in cases of disease of the wrist joint, for then the

radio-ulnar articulation is almost sure to be implicated, and a

better stump wiU be secured by amputating through the lower

third of the fore-arm. It is specially suitable in cases of injury

In all the different methods the arm should be emptied of blood

by elevation, and the brachial artery secured by an elastic tour-

niquet or some other means. The Surgeon should stand m front

of the patient, or on the right side, while the assistant stands

facing the Surgeon and supporting the fore-arm at a convenicn

height. The instruments requii-ed are, a strong-bladed and

sharp-pointed knife, artery forceps and ligatures, bone pliers, and

a small saw. . ,

1. Teale's Method (Rectangular Flaps).-X long posterior flap

composed of sliin and subcutaneous fatty ii<sue only, is raised

from the back of the hand, its length ai^l breadth being each equ^i:

to the circumference of the arm at the wrist joint; the anterioi

flap is to be one-fourth the length of the posterior, and, hke i*.-

to consist only of the integumentary structures. Both flaps are 1.

be carefully raised, doing as little damage as possible to the suu..

subcutaneous vessels. Next, the extensor tendons are divided

the ba.sc uf the posterior flap, and the joint opened ;
m openm,-
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iko joiut, remember its ijeculiar sliapc—convex, with the convexity
upwards. Disarticulation being comi)]etecl, both flaps are retracted,

and the flexor muscles divided evenly at the base of the flaps.

During healing, the elbow joint is flexed at a right angle and the
fore-arm prouated, as the -wound drains best in this position.

2. Long Anterior and Short Posterior Flaps.—The assistant
liolds the fore-arm pronated and pulls back the skin as tightly as

possible. The operator grasps the hand, and, flexing the wrist,

makes a semi-lunar incision on the dorsfil aspect, from one styloid

in-ocess to the other, and raises a flap of skin fascia and subcutaneous
tat only (Bell)—the flap 'is to include the tendons of the back of
the hand (Heath). In any case a flap is raised and retracted a
little above the styloid processes, the extensor tendons rendered
tense, and the joint opened. The pcdmar flap may be made by
dissection from the outside, before disarticulation, or dissected ott'

tlie metacarpal bones from above downwards after disarticulation,

having previously outhned its edges by a deep incision on each side
'f the metacarpus. This flap is then retracted, like the posterior,
and the flexor tendons rendered tense and divided. It is almost
uupossible to make the anterior flap by transfixion on account of
;the transverse metacarpal arch, and the prominence formed by the
pisiform bone and the hook of the nnciform. The vessels requiring
ligature are—(1) The radial artery cut close to the radius

; (2) the
ulnar artery in the palmar flap; (3) sometimes the terminal
Uwigs of the interosseous arteries. The styloid processes are to be
cut oft" with the bone forceps, or the saw if preferred.

3. The Modified Circular Method.—The arm is held as in the
previous operation (i.e., pronated), the skin at the same time beijig
nvcU retracted, and then two semi-lunar incisions, beginning two
idnches hdow the styloid processes, arc made through the skin, f^ and
fascia only, and two short, equal, antero-posterior semi-lunar flaps
;a-aised. The flaps are next retracted a little above the level of tlic
iStyloid processes, and the muscles divided by a circular sweep of
iH;hc knife at that level, the assistant in tlie meantime keeping
ithc different groups of muscles tcjise as the knife passes— y.,
Ithe anterior group by uccr-cdcnsiun (dors!fle.dou), the posterior
group by extreme flexion. The late m SrjiN-CK preferred tliis

plan to all utliers, as, lie said, by the ordinary llap method the
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styloid processes tended to project at the angles of the incision,

whereas by this plan the hones are well covered with sound stm

During healing, the fore-arm is to he kept hetween pronation and

supination.
. , , i

4. By Long Palmar Flap. -An assistant holds the arm

supinated, and a large square flap, with the angles rounded oif,

is formed from the palm by dissection. The base of the flap

should correspond to the free edges of the styloid processes in

order to give a good broad flap; and it should extend fully half-

way down the palm, the full .vidth being kept up throughout.

It is composed of skin, fat, and fascia, and must he carefiiUy

dissected from the palm, avoiding the prominences caused by the

ridge of the trapezium and the hook of the unciform ;
but while

avoidmg these it is even of more importance to avoid button-

holing^ the flap. Join the two ends of the anterior mcision by a

sH.ditly curved incision across the dorsum through all the tissues-^

down to the bones. After this, flex the wrist joint forcibly

;

open it, and detach the hand by dividing the flexor tendons by

v sincrle sweep of the knife. The Palmar Flap contams-The

skin,°superficial fascia, fat, and palmar fascia, wiih the cutaneous

vessels and nerves, median and ulnar nerves, superficial ^ar arch

.„d portions of the short muscles of the thumb and little fi.ge.

During healing the arm is to be supinated and laid on an elevated

pillow as in this position the wound drains best, and th^e .s le

tendency to displacement of the long palmar flap. But if moie

co^enient the Le-arm may be kept midway between pronation

and supination.
. ^ . . , .

a<;c?i<5tant holds the forc-

5 Circular ("trijile mmion ).—An assisiani nomb

.nn anc hand pronated, and pulls up the integuments as tightly

TZLle tL Surgeon stands behind the arm (on the left

de . a ps the fingel with his left hand, and makes a circu ar

through the" skin and subcutaneous f^^^ty tissu.

to the thenar and hypothenar emmences as possib

skin is then to be retracted by a few touches of « l-'^. to h

level of the joint, and another circular incision made th^o"g
^

deei fascia L\ tendons at that level. The joint is then to be

deep fascia an
^^^^.^^ ^^^^^^^^^ .A

rSi^F--. - ^^^^ -^^^^
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G. Sometimes it may be necessary to make use of a Single
Long Dorsal Flap, should the parts in front be hopelessly damaged,
or a lateral skin flap, as in Dubrueil's method. In amputation
through the wrist joint, tlie following are the chief Structures
divided:—!. Integumentary structures. 2. Muscles— («) Those
towards the anterior aspect—tendons of the flexor carpi radialis,
palmaris longus, flexor sublimis and profundus digitorum, flexor
longus pollicis, flexor carpi ulnaris

; (&) those on the posterior or
lateral aspect—supinator longus, extensor ossis metacarpi pollicis,
extensor primi internodii pollicis, extensores carpi radialis longior
and brevior, extensor secundi internodii pollicis, extensor com-
munis digitorum, extensor minimi digiti, extensor indicis, and
extensor carpi ulnaris. 3. Vessels—(a) Radial vessels, with the
superficialis volte branch; {h) ulnar vessels. 4. Nerves— («) Ulnar,
(i) radial, and (c) median. 5. Ligaments of the wrist joint.

LOWER THIRD OF THE FORE-ARM.
In amputating in this situation the objects are—(1) To secure

X long stump, and (2) to save the insertion of the' pronator radii
teres, and thus give the patient more power over any artificial
substitute. The assistant had better stand in front of the limb
,^raspmg the hand, and hold it either pronated or midway between
pronation and supination, as most convenient for the operator
I-he patient is brought to the edge of the table, the arm held at
ight angles to the trunk, and the elbow joint extended The
nstruments necessary are— A short amputating knife artery
orceps and ligatures, a saw, bone pliers, scissors, and dissecting
creeps. *

1. Equal Antero-posterior Flaps.-The Surgeon should stand
n the patients right side of the limb to be removed, i.e., on the
uter side of the right limb, but on the inner side of the left,
he dorsal flap should be made first by dissection. The fore-arm
oing pronated, or else held with its dorsal surface towards the
perator, he enters the knife a little to the palmar side of the ulna

|,mpiK,smg_he is amputating the lef^ arm; on the right arm he

^

ould begin by entering the knife a little to the palmar side of
10 radius) and marks out a broad dorsal flap, almost square,
ith the angles rounded ofi", consisting only of the integumentary
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structures, the rest of the structures beiug divided close to the

fellLl 'sldu. As this flap is heing ruade the --t
-^^^^^^^

should be .veil flexed, and the elhow jomt hent. The Suigeon

heu ples the knife in front of the bones a little below he

I si ofth n ision, and cuts an equal pahnar flap from witlnn

ou va^^ls In forming the anterior flap the forearm shotUd be

the fingers%traightened, and -st dors^^^^^^^^^

and the operator must take care not to pass the anfe b t.een

t e two bones. Each flap should be equal m length to the

'i^^ertposterior diameter of the limb at the ,omt of^ect.n

tlic bones say from two to two and a half mches The dorsal

mTy bo rlised before or after transfrxion, the Surgeon afang

hll of it .-ith his left hand and freeing it ..th a fe.v touches

th knife Both flaps are then retracted by an assistant^ and the

t^^r s cleared and divided about an inch higher up. The bones

ir clet by a double sweep of the knife round both bones, ur
^

Te fi St Lance round the under segment and then round th

!;;:td aft. ~ !;r:^

"Zl^^^Tl:^!^ arm. lest tl. interosseo.

. tert especially the anterior) be divided too high up, or spl t

keep tne eu„e u
ixxx\^^ should be

gature are—(1) ihe lamai arit ^, v /

and tendons protrude beyond the skm anc n o
1 1
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a very ragged .ind unmanageable surface. Hence, a better result
is secured Avlien botli are made by dissection, and, as already
explained (see page 189), it is better to -make the posterior flap

about twice the length of the anterior, and to take up a little of
the muscular tissue towards its base if deemed necessary: in this

way tlie long flap is made to fold over the ends of the bones, the
'icatrix is placed well to the front and less likely to be injured;
and further, it drains better, as the limb is to be pronated during
the healing jirocess.

2. By the Modified Circular Metliod.—The difl"erent steps of
this operation resemble very closely the previous one. The arm is

hold with the hand i)ronated, and two equal antero-posterior semi-
lunar flaps, consisting of skin and subcutaneous fatty tissue only,
are made. The dorsal one is first raised with the same precautions
IS in the last operation to secure a good, broad base to the flap.

A similar flap is next raised from the front ; this flap is marked
Hit while the hand is held pronated, by drawing the knife under
rhe limb

; the hand is next supinated, and the flap dissected up.
lioth flaps are then retracted and the muscles divided by a circidar
^woep of the knife ; tlie bones are then cleared and divided about
ihreo-quarters of an inch higher \ip.

3. By Teale's Method.— Take the circumference of the limb
at the point of section of the bones and mark out the two flaps

according to the rules already laid down (see page 18-5). Outline
the sides of the long dorsal flap by incisions through the integument
'uly, but at its apex carry the knife at once to the bones ; this flap

must consist of all the structures down to the bones and interos-
-fjous membrane. So, likewise, for the short anterior flap. During
healing the fore-arm is pronated to keep the long anterior flap more
ciusdy in position, and at the .same time provide a free exit for the
lischargcs. This method has no special advantage in the arm,
liocause there is no pressure on the end of tlio stump, as in the
lower extremity, and has the diisadvantage that the bone must be
lividod higlier up than in equal antero-posterior flaps. Trale's
amputation in this situation can readily be done by transfixion,

in.stead of the usual plan.

Jkfr C. HKATrr suggests a modification of this method. In this

plan (ho posterior flap consists oidy of the integumentary structures
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until tlie level of the upper border of the posterior annular ligament

is reached, when the knife is carried through everything to the

bones. This is to avoid the difficulty experienced in dissecting

the tendons from their grooves on the back of the radius and

ulna, without damaging them. In Mr Heath's plan there is also

less difference between the length of the two flaps—his anterior

being one-third the length of the dorsal, instead of one-fourth, as

in Mr Teale's method.

4. As in other situations, the Circular "Triple Incision" may

be used. The arm is held at right angles to the trunk, midway

between pronation and supination, by an assistant, who also

forcibly pulls up the integuments. The operator may conveniently

stand behind the arm on the right side, and between the arm and

the trunk on the left side
;
by so doing he is better able to retract

the integumentary sheath, as he then can take hold of it with his

left hand.

UPPER TWO THIRDS OF THE FORE-ARM.

Amputation may be performed in this situation by—1. Equal

Antero-posterior Flaps, made by Transfixion, or, better, the dorsal

one made by dissection and the anterior by transfixion. 2. Long

Posterior Flap, chiefly composed of integumentary structures with

a little muscular tissue taken up at its base, and an Anterior Flap

of half the length. 3. The Modified Circular method. In making

the anterior flap by transfixion, the knife should be brought out

rather sharply at the end, in order to keep up the full breadth of

the flap, and cut the vessels and nerves transversely. It will thus

be square-shaped rather than semi-lunar, and should be about three

inches long. If the posterior flap is formed by transfixion, the

arm is held between pronation and supination, the soft parts at

the sides of the fore-arm are grasped, and as much of them as

possible drawn towards the posterior aspect of the limb, so as to

secure as broad a flap .as possible. For the anterior flap, supinate

the fore-arm and enter the knife half-an-inch lower down than tlie

previous transfixion point, to avoid cross-cutting the base of the^

dorsal flap. The bones are then cleared an inch above the point

of transfixion, and divided,



Surgical, Medical, and Operative. 217

The Structures divided in amputations through the fore-arm
vary slightly at the different levels. For instance, at the upper

part the pronator radii teres and supinator brevis wiU be divided
wlnle at the lower part they would not be included

; and, near the
wnst, the pronator quadratus and the extensor indicis would be cut

'It not higher up. To save unnecessary repetition, the foUowinr^
^aay bo taken as a fairly complete general list :— 1. Integumentarv
.tractures 2. Muscles-(a) The pronator teres and flexor carpi
'adialis, (i) palmaris longus, (c) flexor sublimis digitorum, {d) flexor

Fig. 41.

Section through Fore-arm.

Riidial Vessels and Nerve.

Anterior Interosseous Vessels and Nerve.

Median Nerve.

...Ulnar Vessels
and Nerve.

Posterior lutorossoous Vessels and Nen-e.

The names of the Muscles arc indicated by their initial letters.

iltiwi'''
^^igitorum, (/) flexor longus

H'CLs,
(./) supinator radix longus, (/.) supinator brevis, (i) exten-

•'s caipi ra.l.ahs, longior et brevior, (j) extensor communis
torum,

(/,) extensor minimi digiti, {I) extensor carpi ulnaris,
extensor ossis metacarpi pollicis, and {n) extensor secundi inter-

'1'^ polhos.
3. Ves8els-(a) The radial (in the outer side of

interior flap, and quite superficial); {h) ulnar (in the inner side
iiie anterior flap, and much deeper); {,-) anterior interosseous,
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and id) postevioi- interosseous. 4. Nerves- correspond to and

accompany the arteries-(«) The radial, ulmr, («) antemr

interosseous, {d) posterior interosseous, and (e) median. 5. Kaduis

and ulna and interosseous membrane (Fig. 41).

AMPUTATION THROUGH THE ELBOW JOINT.

1 This is usually accomplished hy cutting a long flap from the

anterior aspect of the upper third of the fore-arm and a small one

posteriorly. It is seldom performed, because it is rarely possible

to cret sufficient sound texture to cover the large condjdoid end

of the humerus ; the flaps, further, rerpiire to be speciaUy long

because the articular .surface of the humerus projects so far beyond

L muscular attachments. The upper arm is to be .e l abdiicted

and held by an assistant, the elbow joint flexed a most to a

i.dit angle and at the same time the skin is to be well drawn up,

Specially when makhig the posterior incision. The Surgeon .stand.

0 the rfght side of the arm on both sides of the body, if he n.ak

1 flaps by dis.section-which is the better method-but if he

t txSflxLn he stands within the arm, .vlien ampiitating on the

ricvht side: but on the outside when amputating the left aim. ih

i n f a ticulation of the elbow joint is oblique from withou

wnwards and inwards, and, therefore the knife "t^^^^^

passed straight across the arm, or else the operator

the tissues will not cover up the internal condyle, ihe tissue,

c ni M will forward by the left hand, the operator then trans^

"Z:^ in a line, extending from a little below t, eve o

the external condyle of the humerus to a ^^t^^^^^^^
holow that level on the inner side of the arm. On he a™ *

point of the knife is entered at the outer end of

^^^Tl^
the ivdxt arm it is entered at its inner end. A broad flap thr

!rf:ur inches in length, is then made, the^^^^^^
sharply at the finish, to cut the ^essels and ner ^s J '

.ivo the end of the flap a somewhat square form. Ihc H^P "

by n assistant, the fore-arm iiexed, and the
^^^^^^^^ZhL no and the points of transfixion connected behind Dy

connections of the radius, xnt
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its ligaments and the triceps muscle. The amputation is a good
ue in suitable cases, botli because of the long stump thus secured

and tlie bulbous end for the attachment of an artificial substitute.

2. The Circular Method may also be used, but it is not so good
as the flap. The fore-arm being held supinated, a circular incision
is made through the superficial structures, al)out two inches below
the internal condyle. The sheath of slcm and fat and fascia is then
r-^traeted to the level of the articulation, the joint opened, the
•maining structures divided, and the limb removed.

:\rr Bryant considers amputation at the elbow an excellent
iperation, and performs it by anterior and posterior skin flaps, with
ircular divi-sion of the muscles (/.e., the "modified circular"), the.
.osterior flap being the larger, so that the scar may be out of
larm's way. The bases of the flaps correspond to the lower
xtremities of the condyloid ridges.

In this amputation the following are the chief Structures
livided— 1. Integumentary structures. 2. Muscles— (a) Liceps,
h) brachialis anticus, (c) pronator radii teres and flexors of the
\rist and fingers, including the following muscles—flexor carpi
adialis, palmaris longus, flexor sublimis digitorum, flexor carpi
ilnaris, flexor profundus digitorum, and flexor longus pollicis

;

'0 triceps and anconeus, (e) supinator longus, (/) supinator
revis, and i^y) the foUo^ving extensors of the wist and fingers—
xtensores carpi radialis longior and brevior, extensor communis
igitorum, extensor mininn digiti, and extensor' carpi ulnaris.
. Vessels—(a) Eadial artery, (/>) ulnar artery, {c) the common
iterosseous or its branches, (cZ) posterior ulnar recurrent, (e) the
rrosponding veins, and also the superficial veins of the fore-arm.
Nerves—(a) ^ledian, (/.) ulnar, {c) radial, and {,1) anterior and

"stenor interosseous nerves, o. Ligaments of the joint.

AMPUTATION THROUGH THE UPPER ARM.
This is .said to be tlie simplest of all amputations, and may bo

Itected with almost equal success by various methods—as the old
i cular, modified circular, or by antero-postcrior or lateral flaps.

1- Equal Antero-Posterior Flaps by Transfixion.—Ey the u.se
erpial flaps the bono can bo divided at the lowest possible point,

id the proscm-n of n cicatrix at the end of the stump is not of so
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much consequence in the arm : and hy making the flaps antero-

posterior, associated groups of muscles are kept in separate flaps.

The usual instruments are required, viz.:—An amputating knife,

a saw, artery forceps, ligatures, and hone forceps. An assistant

holds the arm at right angles to the trunk and rotated well out-

wards. The brachial artery may he secured hy the fingers of

another assistant or by au elastic tourniquet ;
or, if the amputation

is high up, the axillary may he compressed against the neck of the

scapula hy the fingers of an assistant, or by an elastic band
;

or,

lastly, the subclavian may be compressed against the first rib by

the thumhs, or a padded key. The hracliial artery and the large

nerves may he left in the flap the operator deems most convenient,

usually the anterior, or at the inner angle of the two flaps; the only

point is to take care not to transfix them, and to sever the vessel

transversely at last. The Surgeon is to stand withm the arm m

amputating on the left side, but on the outer side for the right arm.

He next grasps the anterior muscles with his left hand, and holds

them well forward, and then enters the knife with its point directed

a little upwards (i.e., the point will he on a higher plane than the

handle, which is to be slightly depressed), so as to secure a hroad-

based flap, passes it as closely in front of the hone as possible, and

then, hy slightly raising the handle, makes the point emerge at a

spot exactly opposite to that at which it entered. The knife i

then carried downwards longitudinally for some distance hy a shght

sawing movement, so as to form a well-rounded flap from two and a

half to three inches in length-the skin being cut, if possible, longei

than the muscles ; for this purpose the knife must he gradually

turned towards the surface, hut should he brought out sharply at

last, so as to cut the vessels, nerves, and skin transversely An

assistant now hghtly supports the flap, not retracting it at all, and

the knife is then entered half-an-inch helow the former point o

transfixion, to avoid cross-cutting with the heel, and carried hehiud

tlie hone and made to emerge on the other side at the same mcisioi,

and a posterior flap cut of the same length and shape as

anterior The assistant now retracts both flaps forcibly and the

Tone is raised almost perpendicularly and cleared hy circular sweep^

of the knife for about an inch and a haH ahove the angles of ho

ndsfon ; and, fiually, the periosteum is divided hy a sweep of the
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knife, first round the nnder segment of the bone and then round
the upper, and the sa^^^ applied. In clearing the bone, be careful
to cut the musculo -spiral nerve cleanly, as it lies in its groove
on the posterior surface of the humerus; after the periosteum is
divided be careful not to pull back the flaps, lest the periosteum be
stnpped off the bone. The large nerve trunks should be shortened
with the scissors, and the artery, if cut obliquely, may be recut
transversely. The vessels requiring ligature are-1. The brachial
u-teiy, accompanied by the median nerve. 2. The inferior profunda
iccompanying the ulnar nerve. 3. The superior profunda accom-
panying the musculo - spiral nerve. Some operators make the
.ntenor flap longer than the posterior. This, no doubt, has several
tdvantages, but they are purchased at the expense of a shorter
^tiimp and, therefore, it should not be performed. It is probably
•etter to raise the anterior flap by dissection, excluding the brachial
i-tery, and then make the posterior by transfixion, at the same
:me suppoufcmg the posterior mass of muscles lightly with the left

2. Circular Method.-This may be used in most .cases, and is aery suitable method for the lower third of the upper arm, as the
one IS so equaUy covered by muscles on all sides. The arm is
Bid a right angles to the trunk, as usual, and the skin should
^
we 1 drawn up during tlie first incision. This may either be

itrusted to an assistant, while the operator stands so that he can

'u fl 1 ''T ^"^ foot

edt f ? ? '""'^ '''''^'''-'^ by t]ie assistant,

so
'
It subcutaneous tissue

so louse m this situation that it may be retracted sufiiciently
the hand alone. The muscles and lascia are then divided by

-.acr crcidar sweep of the knife at the level of the retracted skin,
•
Kn, e being held obliquely so as to cut the muscles in the form

a Jiollow cone, aiul the bone cleared and sawn at a still lusher
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level- it is better to divide the biceps first aud allow it to retmct

; :ln^ a t.o.tailed calieo re^^c. .a.

u ed. As explained elsewhere, the circular method ay-^ to

ho rou>mended Ihcu anrputatiug through coue-shaped hn.b. In

elsetlire (see 185)- I- -^^^^S ^^^"^

aLordingl your cloth-any where anW
vided it -lives you sufficient healthy tissue to cover the ^^^^ ot th

bone This phm should always be adopted in large niusculai aim.

4 Teat's Method.-This may be used in certain very excep^

r .t oT. The Ion- flap must be cut from the outer side of he

r^::Xrtttfro.nth^ni^rsid^^

!--?:^i=thr^^

external and internal fla^s^re -^^irdlscle; but

end of the humerus, when it is laise I Dy

ds„ the bono projoot. .t
1°^^^^^^ „,„p„tatio>« U,vo„sh

I„,.,o„o,.^wayth«8truot^^^^^^^ Muscle.-
ihe upper arm aie— i. iriWnn j

^^^^ ^^^^^^1^

(cO Biceps, {h) brachiahs anticus, (.) ^^^^^
' 3. vessels-

^.Ahe humerus, the deltoid and
basilic vein,

(a) Brachial vessels, supenor V^oiuud^^<^^^
^

)

,)eephaUc vein, and (c) inferior V-f^^ ^^^^ ^^^^^
\a Musculo-cutaneous (between ^'^^^^^^^^ the inner

Ulcus); (^)..odiaii (hi f^^^^^y^,^..iniono.
Mo of the brachial vessels); {c) ^™

,

superior

profunda vessels); (^0 niusculo-spiral (accon.panj .
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profunda vessels); aud {e) internal cutaneous close to the basilic
vein. About the middle of the arm the brachial v.essels are found
on the mner side of the humerus; the inferior profunda vessels are
found close to the brachial vessels, but a little further back; M'hile
the superior profunda vessels are found towards the posterior and
outer aspect of the humerus (Figs. 42, 43).

Fig. 42.

Section of Fore-arm.
(A sliort way jibovc the initldlc of thu

l'"ore-iinn.)

Fig. 43.

Section of Fore-arm.
(A short distance .-ibovc tlic Elbuw

Joint.)

(Fr.iiH Ci NxixGUAji.)

AMPUTATION AT THE SHOULDER JOINT

.nd^!!! r'T '''''^T'^
''''''''''''^ Di^-^^s^ of the ioint

"sos V n TT' ""^'S"'^"* ^^^'"""^•^i '"^^l (3) injury i

his name AL t' T> ^ "^^^ ^^^^^^-^ -ith

^special vaL S if amputation is of

"-lignant
i

^ V""l'"^'^^"-' < course, in the case uf botito disease and injury, ,t in,po,s.sible to chouse the JIaps
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In injury, we must take them as best we can from the healthy or

least injured tissues, and in malignant disease the usual practice is

to form two skin flaps from the most healthy-looking parts, taking

care not to leave any muscular tissue in them. As in amputation

at the hip joint, haemorrhage is one of the most serious dangers,

and, therefore, the principal methods of amputation aim at making

the soft parts in the axilla, surrounding the axillary vessels, the

last part to be cut througli, the artery being previously grasped by

the fingers of an assistant. If deemed necessary, the methods

described in the operation of excision of the shoulder joint, for

the control of hicinorrlmge, may also be adopted here.

1. Lateral Flaps of Nearly Equal Size (the " Oval'' method).—
This was the method preferred liy Larrey. It resembles almost

exactly the amputation of a finger by the "oval" method, as

described in a previous chapter. The two sides are cut slightly

convex, so that, when the operation is finished, the result is two

almost precisely similar semi-lunar flaps meeting above at the

acromion process, and below at the posterior fold of the axilla—
as the tissues on the inner side surrounding the vessels are so cut

as to form part of the anterior flap. When the flaps are brought

togethei' a straight linear wound is the result. In this amputation

two special assistants are required— one, standing above the

shoulder, compresses the subclavian artery with his thumbs or a

padded key, and holds himself in readiness to follow the knife

behind the humerus and grasp the artery in the tissues at the

inner side before they are divided. The second assistant places

the patient in a proper position, by bringing him well to the edge

of the table, so that the part to be removed projects over its edge;

he also turns him partially over on the sound side, and supports

him in that position by pillows. This assistant then holds the

arm for the operator, who is to take his stand on the outer aspect

of the limli. The arm being held in a position of abduction, the

operator thrusts the point of a strong broad bistoury through all the

tissues down to the bone, immediately below the acromion process,

and makes a straight incision about two inches in length, cutting

on the outer aspect of the head and upper part of the neck of the

humerus. From the end of this incision he carries other incisions

in a curved direction on each side to the corresponding fold of the
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axilla. The two semi-lunar flaps tlius marked oi;t are next dissected

up and held aside so as to expose the joint completely. These flaps

should, as far as possible, be separated from the bone by the fingers

alone, so as not to injure the vessels on their deep surface. The
only vessel of any size divided at this stage of the operation is the

posterior circumflex, and this should at once be secured by a pair

of Wells's forceps. Tlie assistant now adducts the arm in order

to project and render tense the structures about the tuberosities,

rotating inwards and outwards, as may be required, while the

operator divides the muscles attached to the tuberosities. The

operator then opens the joint, dividing the capsular ligament by

cutting on the anatomical neck of the humerus by a semi-circular

or horse-shoe-shaped sweep of the knife, as if he intended to cut

off the head of the bone at the anatomical neck. The assistant

again abducts the arm, and pulls the head of the bone outwards

from the glenoid cavity ; the knife is then j^assed round behind it,

dividing the remaining part of the capsule, the arm again adducted,

and the knife carried down the inner side of the humerus close to

the bone, followed by the thumbs of an assistant, who secures the

axillary vessels before the tissues are divided. The edge of the

knife is now turned towards the surface, and the remaining

tissues, between the end of the first and second incision, divided

obliquely downwards and inwards, so as to form part of the

anterior flap. The vessels requiring ligature are—(1) The axillary

artery; (2) probably the axillary vein; and (3) branches of the

circumflex vessels. The principal advantages of this method

are— (1) The wound drains well; (2) its cut surface is as small

as is consistent with eflicient flap covering; and (3) there is less

risk of hfemorrhage, during the operation, than in some of the

other methods.

RESUME of the "Oval" method:—

1. Arm held abducted. Make a short vertical incision on

the outer aspect of the shoulder, beginning at the

acromion.

2. Carry incisions from the end of this short cut to the

anterior and posterior folds of the axilla respectively.

3. Reflect these flaps as far as possible.

p



226 Applied Anatomy:

4 Assistant then rotates tlie humerus outwards and adducts

the arm, while the operator divides the suhscapulans

tendon and other structures attached to the front ot

the capsule. ,

5 Assistant then rotates in^yards, and the operator divides

the structures attached to the posterior part ot the

6 With the arm still adducted divide the inner and lower

'

part of the capsule, pass the Imife to the inner side of

the humerus, abduct the arm, . and cut downwards,

uniting the two former incisions, the vessels being

previously compressed by an assistant.

2 By Large External Flap (Spence).- Haemorrhage being

piWed' againl in the usual manner, an assist^ sh^^^^^^^^^

the arm and rotates the humerus outwards, l ie burgeon tue

cutsrvn upon the inner aspect of the head of the humerus, .n^h

Fig. 44.

Spence's Amputation.

Clavicle —r«

Coracoid Proccss-

. Acromion Process.

Humerus.

a broad strong bistoury, immediately external to the coracoid

and carrfes the incision down tl-gh "^^^
the deltoid and pectoralis major muscles as far a tti. ni^

of tlie latter muscle, which is to bo divided, thi. Inst
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divide the ajiterior circumflex artery, which must be secured at once
Ihe incision is then carried, with a gentle curve, across and deeply
through the lower fibres of the deltoid as far as the posterior fold
of he axiUa (Fig. 44). The course of the inner incision is next
out ined from the end of the straight incision to the termination
oi the curved incision at the posterior border of the axilla, butmust extend throurjh sidn and fat only. The deltoid muscle is next
separated from the bone by the fingers alone, so as not to injure
the trunk of the circumflex artery which enters its deep surface,a^d having done so, the head and upper part of the humerus i.
fully exposed The muscles about the head and capsular ligament
are next divided by cutting directly down on the anatomicS neck
of the humerus, the assistant in the meantime rotating the boneso as to brmg the various muscles within reach of the knife The

^SiToTl I""' f
'''''' '''' fi"o-s of an

1 bone 7^ r w ^^'"^^^ l^^W^d thehone, disarticulation completed, and the arm removed by diyidin^

r .
7° P'^'-'^'^'^y grasped by an assistant, tliis preventsm-ed-te danger from hemorrhage, and also avoWs the risk of

ndslT ^'T' ^^^^^^y— 1-^^ the skin

then t 7 r" '''''''^ ^''''''''^ - kittle way andhen the muscles divided at a higher level. The advantages

te^il^^T;-;^ ^
form of stumTleft

^"ceptt if: j , \ "
"^'"'r''

"''""^^'^ ""''''-y ^^ot divided.xcept m Its small terminal twigs in front; whereas both in

:h?t~Lf 'f^'
'^^^^

ion I ^'^''^'^ ""'^y ^t^ges of the opera

ts vitaTv I ti fl ? '^^'''^"^ °f ^^^^^1 ^^^dangersts u
.
bty. as the flap depends chiefly on it for its nourishment

'd^SXT-^'^^' disarticulation can be accom^^
air m A 1

'"^'"^ subscipulari

1 C'L ^J\'^\ f''^'^y
"mentioned, it is further of great value

aZta ed % ^^'^^^'^ joint should te excised

xam^n th, '
" T "^^^^^^^ ^« -'^^de use of to
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RESUME.—The steps of Mr Spencb's operation are :—

1 With the arm abducted and rotated ontwards, make a

part of the vertical incision, and examine the jouit

if necessary.
.

0 Proloncr the incision down through the insertion of the

pectoralis major, and then curve it across through the

lower fibres of the deltoid, towards but not through

the posterior border of the axilla.
_

3. Outline the inner part of the section through skm and

fat only. , , „

4 Separate and raise the large deltoid flap with the fingers

alone, to avoid injury to the large posterior circumflex

5 ThSstant now adducts and rotates, while the Surgeon

divides the capsular muscles and the capsule, by

cutting on the anatomical neck of the liumeru^,

usually dividing the broad subscapular tendon first

6 Pass the knife beneath the bone, and keep its edge close

to it, divide the rest of the capsule, abduct the arm, and

divide the remaining soft parts on the axillary aspect,

the vessels being previously grasped by an assistant.

7 Secure the vessels.

3. Double Flap b, Transflxion^Both fi«P=
'^^^

Jf,

iJ, Lp, ,.ith the vessels,
?^ ^J^f^^

Hon be porfomed on tlio riglit side, tne operaig'

patient ; if on the left side he sUnds betad «en_
is bron<.ht close to the edge ot the tabic, tamM so

tleXl>° "H". -Pl'"*^ *f ""TfTll'id'trie

"
as,istl,'t then abducts the am,

f
„ay at the same time

^̂^'^'^'^'^^Z'^L front of t.»
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coracoid processes, to another poiut within the posterior border of
tlie ax, la, well behind the root of the acromion and about an inch
be ow the spine of the scapnla. On the right side the operator
enters the knife midway between the acromion and coracoid
processes, passes it in front of the capsule of the joint, and makes
It emerge at the posterior border of the axilla

; on the left side hemust enter the knife at the posterior border of the axilla, carry it
across the front of the joint, and bring it out between the acromionand coracoid processes. In either case before entering the knife itm ^T .^"^'-'^V''"'^'^

^"^^ '^'^^^ tlie pointwl er the knxfe .s to be entered, to avoid cross-cutting the tissues

I, ?>'f f
"PP°^^^S ^ig^t ^rm is to be removed, and thepa lent ,s placed and the limb held as above indicated, the Surgeonenters the point of a long narrow-bladed transfixion Life mC

V^IZ and the coracoid processes, passes it cl^^

Itert old of r . the

..n length, and consisting chiefly of the deltoid muscle - the flan^^s then to be raised by an assistant standing above the shoullTtrhe assistant who has charge of the arm then draws it do '^^^^^^^^
•nd forwards across the chest, while the Surgeon with the h el ohe knife divides the capsular muscles and capsule close to and

a h 0 t "we T.' 'I
'''' '''''''' -«iin

ten smaied in I t ""^ t"" «
.po<«ibi, to C,T,i,"r'r'i,''''''"'''''°°-

n '» oft-
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r^- 4.-„., Tn nt;ps -where tlie tissues are

[process, so as to give a

^^^^^^^^'^J^^^
stands

ri.Mside, Surgeor^l-^^^^^^^^^ ducted,
behind the patient. The assistani no

^^^^

and the Surgeon commences
o the level of the

acromion process and carries rt

^-^^^^^J^^^V
insertion of the deltoid muscle, ^^^'^'^^^^1^:^^^^,,, the spine

point well behind the acromion.
flap thus

of the scapula, near the posterior fold of the axilL P
^^^^^

n^arlced out, and which should
-^^^^^^^^^^^^ passed

raised, the arm adducted, the ^'^^''^^^^^^^^ and the

along the inner side of the hone
ll^'^'^l^,,,,,.^,,^^

tranV

inner flap cut in the usual Avay with a Ion i

1 -fo c^hnnld he he amptitatmg the ieit arm ii

fixion knife. bhoulcl ne i
^^^^ ^^^^^^

reverse the proceedmgs. He ^tands m
^^^^^

commences Uie

7^;^ ^^^^^^^^^^^^^^^
otherwise the

ends an inch m front of ^he aero f
^^^^^ ^^^^

operation is the same as - the
"^^^^^^^^^^^^ ^^^^^

finc^er and thtimh of his left hand.

: With the a™ adducted, "fVe'^S ^

,prth:tfehe„e.tUthehe.d~^
nrm and cut an internal flap tiwee ui

*; ;lring the vessels wore fteya«dn-KW.

5. Tie the vessels.
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4. By Deltoid Flap.-A large flap consisting nearly of the
whole of the deltoid, is raised either by transfixion . or dissection
and the diflerent manipiUations are nearly the same as in makino-
the external flap in the previous method. The base of the flap
will extend from the coracoid process to a little behind the most
prominent point, or angle, of the acromion process. Should it
be made by transfixion, the arm is to be held in the abducted
position in the first instance, to allow the operator to grasp and
cut the flap more easily. The flap is raised, and the assistant
pushes the arm forcibly across the chest, to make the capsule
tense and rotates the humerus, while the Surgeon severs the
capsule and capsular muscles. The head being turned out of the
glenoid cavity, the knife is passed round it and the structures in
axilla divided so as to form a short stump of tissues to meet the
long deltoid flap which is laid over it. As in the other methods
an assistant grasps the axillary vessels on the inner side, before
the tissues are divided. The objections to this plan are-(l) The
arge surface of the wound. (2) The double line of cicatrix.
3) In many cases it would be impossible to get sufiicient healthy

.tissue to form the large deltoid flap.
^

_

The principles adopted in amputation through the hip joint

erno^ ^''^''^^T,
short-handed, so far as assistants are con-

noa. It would leave a longer stump than the other methodsund, were it done subperiosteally, a certain amount of power would

I) Amputation through the soft parts circularly low down •

0 bind T"" '^'^'^'^y -^^^^ where

loZ tZlT T ' '"^= '''' shoulder the incisionhould, therefore, be along the anterior aspect of the ioint andipper part of the shaft of the humerus
^

. SZolT\!lZlr^ Integumentary structures,

ap^de of ^ f"'^'
"^"^'^^^^ ^^^^^^^tlon with the

')"res minor }7\ "^-j^^ supra -spinatus,
(.) infra-spinatus,

0 a hr,?n
«ubscapu ar,s, (/) long head of triceps, ifuscle

;
teres majo,,

) coraco-brachialis, and (/,) biceps (botli heads).
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The large vessels and nerves will be found in the inner flap, and
consist of the axillary vessels and the cords of the brachial plexus

;

in addition to these the cephalic vein and the anterior and posterior

circumflex arteries are divided at some stage of the operation, as

well as the humeral branch of the acromio-thoracic. The capsular

and coraco-humeral ligaments and the costo-coracoid membrane are

also cut through.

Amputation of the Scapula and Arm.—In amputations higher

than the shoulder joint, as for largo tumours of the scapula,

e.g., enchondroma, sarcoma, etc., the chief points to be attended to

are—(1) To divide the clavicle, (2) to divide the muscles attached

to the coracoid process (biceps, coraco - bracliialis, and pectoralis

minor), and then (3) to tie the subclavian, and afterwards proceed

to free the scapula, securing the supra-scapular, posterior scapular,

and subscapular arteries as soon as possible. The wounded surface

is very large, and it is important, therefore, to observe strict anti-

septic precautions. The flaps are dorsal and pectoral, semi-lunar

in shape, with the convexity directed forwards. The posterior

begins over the superior border of the scapula, passes down over

the acromion process to the lower border of the axilla, and then

back to the inferior angle of the scapula ; the anterior is begun
over the clavicle, an incli internal to the coracoid process and

carried down over tlie front of the axilla to its lower border, passing

slightly towards the sternum, so as to render its anterior margin

somewhat convex. For the chief Structures divided in this

operation, see "Excision of the Scapula;" only in amputation of

tlio whole upper extremity the muscles and ligaments connecting

the scapula and humerus directly are not divided, while the sub-

clavian (or upper part of the axillary), tlic posterior scapular, and the

supra-scapular vessels are divided, as well as the chief branches of

the axillary, especially the subscapular and the long thoracic ; the

pectoralis major is also divided.

r r

BESUME of amputations of the Upper Extremity :—In finishing

the section on amputations of the upper extremity, I would add a

few Avords to guide the student through the mazes of the very

bewildering array of " methods " and " modifications of methods "

adopted by various Surgeons,
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The following are the methods I would advise on the living

body :

—

THE HAND.

1. A Terminal Phalanx. —A long anterior flap, or antero-

posterior semi-lunar flaps.

2. The Second Phalanges.—As the terminal ; save as much of

it as possible, and do not remove the entire finger, at the carpo-

metacarpal articulation, except in cases of extensive disorganisation

from whitlow.

3. A Whole Finger.—For the second and third fingers, Professor

Chiene's method, leaving the heads of the metacarpal bones. For

the i7idex and little fingers, the "oval" method, the straight part

of the incision being made in the dorsal aspect of the hand, the

inner part of the oval being longer than the outer, and cut off

the projecting corner of the metacarpal bones obliquely, but not

including the entire breadth of the head.

4. The Thumb.—Adopt the method by which you can save

most, be it regular or irregular.

THE ARM.

As a general rule, anywhere between the hand and the .shoulder,

the modified circular, i.e., two equal semi-lunar skin flaps, with

circular division of the muscles, may be adopted with advantage

;

the skin flaps may be taken from any side, and need not neces-

sarily be equal in length, as this would often necessitate a higher

amputation than really necessary, especially in cases of smash. Cut

the flaps so that their comhined length, will give sufficient covering,

and so as to leave the longest possible stump, the position of the

scar being of less importance in the upper extremity, provided it

is mobile.

1. The Wrist.—The modified circular as performed by the late

Professor Spbnce, or by the long palmar flap, so as to take a covering

from the hard tissue of the heel of the hand.

2. Lower Third of Fore-arm —Modified circular, or pure

circular.
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3 Upper two Thirds.—The modified circular, or equal antero-

posterior flaps, made by dissection; the method of makmg the

anterior by transfixion is of doubtful advantage, and certamly

should never be practised in cases of amputation from injury.

4. The Elbow Joint.—By a very long anterior flap with a

short posterior, or else the modified circular.

.5. Just above the Elbow.-The old circular, or equal antero-

posterior flaps.

6 Lower part of Humerus.-Equal antero-posterior flaps by

dissection; the method of making the posterior by transfixion is

of doubtful advantage, but may be practised on the dead body.

7 Just below the Deltoid Insertion.-Equal lateral flaps

by dissection ;
higher than this use equal antero-postenor flaps by

dissection.

8 The Shoulder Joint.-Mr Spence's or the "oval' method

(Larrey's). In cases of doubt between excision and amputation

ilways nsl Mr Spence'b method (see "Excision o Shoulder ).

The double flap, by dissection, is also a very good method.
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CHAPTER XY.

AMPUTATIONS OF THE LOWER EXTREMITY.

The Foot—Just as in the palm of the hand, it is of primary im-
portance to avoid all approach to a cicatrix on the sole. Therefore,
whatever amputations are performed, the flaps must always be taken
from the plantar surface. Another point of importance is to leave
the heads of the metatarsal bones. The foot is a tripod, resting on
tlie heel, the ball of the great toe, and the ball of the little toe,''and
only m cases of absolute necessity should this tripod be interfered
with in any way; for whether the two anterior rests are narrowed
as m removal of the central metatarsals, or any one of the three
removed, the foot is rendered unstable. By a properly shaped
boot and weU padded stocking any inconvenience likely to result
from the prominent heads of the first and fifth metatarsals is easily
prevented. In amputations of the toes and metatarsal bones the
best imfe to u.se is a stout, straight, broad bistoury.

The Toes.-Partial amputation of the toes is but rarely per-
:
formed, and only in the case of the great toe. In cases where any
01 the other toes are in a condition necessitating amputation, it is
always better to remove them at the metatarso-phalangeal articu-
ation at once

; because, if any portion be left, it is apt to be tilted

fIT ; r
i« positively in the way. Even amputation of the

nthnv f .
"'"^''^^ '''' t° '-^-P^^tate this

phalanx for exostosis-a form of bony growth frequently situatedon the dorsal aspect of the distal phalanx of the great toe, giving
SB to much pain and discomfort from pressing up the nail! Atthe present time, however, the treatment adopted is to snip off theexo osis, being especially careful t.. destroy or remove all the

^aitilage-covcred area, and leave tlie toe alone. Sliould it, however
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be necessary from other causes, such as injury, necrosis, onychia

maligna, etc., to remove the terminal phalanx, this is best accom-

plished in a manner precisely similar to the analogous operations

on the fino'ers-by the formation of a flap from the plantar surface,

the neighbouring toes being pulled to one side and flexed by an

assistant by means of strips of narrow bandage.

THE GREAT TOE.

Amputation of the Great Toe at the Metatarso-Phalangeal

Articulation.—This may be rendered necessary by injury or joint

disease, as suppurating bunion or perforating tilcer, and is best

performed by the "oval" or " racket-shaped " forms o mcision.

It should be borne in mind that the metatarso-phalangeal articula-

tions of all the toes are situated at least three-quarters of an mch

above the web. On account of the large size of the head of

the metatarsal bone of the gi-eat toe the operator must take ca e.

to leave plenty of flap to cover it well. An assistant shou d

hold the foot extended (ioes pointed) in the first instance, with •

the sole resting against, and the toes projecting over, the end oi

he tl the neighbouring toes ai. to be held aside and ^ex^^^

as already indicated, by narrow bits of
J^'^l^!''}^^

then enters the point of a stout bistoury over tl- -^dle
^

of the toe half-an-inch above the joint, and carries it along the

dor^m almost to tU .niMle of tU pro.l^a vMlan., opposite

which point the "oval" part of the incision is -rned round

Te toe In doing so, the manipulations of the Suxj^eon and

assistant resemble those in the " oval" ampu a i^^^^^^^^

finger at the corresponding joint. By commencmg ova a

the point indicated we do not injure the web, and provide

ample covering for the large head of the tarsal bone a„d

Ze is thus^less likelihood of the wound

tedious granulation and cicatricial contractiom
^^I'^^^^l'l

the end of the phalanx and joint are then to be cleared

paU. the bistoury round with a short sawing movemenV

hoftog it parallel .4th the phalanx and well under cont 1
au^

on nfaccount to thrust its point too ^^.^^^f^^^^L
--^^t;:S:rMtrs"^
unnecessarily punciuieu.
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over-extended the strong flexor tendons cut, and the joint opened

"Thrkev to r'^T disarticulation,

of L ft /
disartxculation of the toe is conaplete division

extend th to! f n
'^"^^ ^^^^ '^^^ once 1extend he toe forcibly upwards as soon as the incisions in the

3Ta^iI^oT'^f ^^^^ '""^ - ^« t-i^' the

SuntouLd ^^-^^^ ^«ft' if

of ll
t^^^^traight part of the incision on the dorsumi^~^ zz^:^-^ r-' ^^^^^^^s:

it is a good Plan o r^ L and pressed upon by the boot;

the outer so as to fdd T'l ''''' '^'^ ^^^'g^^' tl^»

operator decide to W t]
1" "/ ^^-1^ the

open the' joint from
' i>iore convenient to

afterwards.
^"^^ ^^^^^^^ the flexor tendons

In the case of the other tops Pvipfl.r +i, • .

be followed, and it is Z2ess.vy tl l
^'"""^^'^

detail. In all cases th. n^T !7\
therefore, to go over them in

as in the finle s Tt ct b T f " course,

flaps, but t°h hi he d-
7' / " '''''''

Again, if ppeLed
-'^ /^^'^^^^'^^tage of opening into the sole.

- in 'the rseTCindefaL l^r 7' '''''' ^^'^^

flap may be taken ivo^ T T . ^ 'P'^'^^^J large

end of the bones
'^^^ '^'^ t° fo^d over the

ThisrId' b: '.Ct ^one-
is held as before "nd L ^^^^^^-shaped

" incision. The foot

dorsum, about L^If'LnerC^^^^^^^
'''' - the

carries it I Z ^^o
" " '^^^

phalangeal articulatt from ^^^^^^
^^^^^^ '''' ^^tacarpo-

the toe. The inte«t n f P""'*^ ^"''^^ ^'""^^d

hone on the inner «,Vi„ 1,, ,
*° ^'"^ separated fi•om the

-fh the toes, and u ng ^t'wlitl ^ '"'^ "^'^^'^^ l^^^''^^^^

^dge being kept clo o t 7hfl T"^-"
^noyome^.t, its

1
Close to the bone and well under control,
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it n«a not b« '''P' *c—id bones (H..th).

tlie short muscles of Die toe antt me
ligaments .

The bone is thenW behind by dmd ng the latem %

- tbe inne, side ot t^«
'll^^^^ „ith it. edge

insertmg the point ot
1 to divide the strong inter-

directed upwards and haeW ,
o d^v.de^^^^^^

^^^^

osseous ligament; and after this the
completely,

ave drawn forcibly
^^-'^f^^^^^^^'Z of the toe may be

and the toe removed. Oi the ^^^eu
^.^.^^^

cleared first, and then its tarso-metataisal end by
^^^^

the strong interosseous ligament
"^f'^^^l^'^Z.^^^^ of the

and second metatarsal bones and
^"-l-^l^l^ ^ peeping

toe, and the metatarsal bone clear^ed omi^et^ Y

the' knife under the ^-^^^^ T;^;::^^- pourt of the

then forcibly drawn away from ^ ^ ^^^^^^^^^^^^ J^, its edgfe

,,ife passed ^-^^^^
.Hte^^^^^^^^^^

of the leg),

directed upwards (..c towards
^^^^

°
,,ticulation divided

and the ligaments of the ^ai'so - ^^etata.^^^ ^^.^^

close to the metatarsal bone
"^^^f^^^^^ ^rW^^^^^

edge of the knife is to
^'^'^'^'^^^^^^^^Z.^ to complete the

of the dorsahs pedis ax.ery, s

^^^^^H^,^,
of the

plantar ai-ch,

^J^^^ the corunicating branch from the

metatarsal bone and toe tlie com
^^^^ ^^^.^

dorsalis pedis is apt to be .oun^^ ^ S-^^^^^.^^giy Oifficult

serious and troubles«me^--^^^^^^^^^^ g^,,,, ,avises

1^^ the\:? when there will be no difficulty m

on the lateral aspect of he foot the hs^^^^^^^ o
^^^^

scar is apt to be in^^ated
^/ -J^"^: tarsal bone as above

luethod of removing the grea toe and me

described, by the "oval" method, s °jap P
^^^^^^

method of lateral flap by ^--^^^^^^^^^^ A.p .method, the

tage of avokUng -y s-
^^^^^^^

- •

. ,,,, ,f the foot wi«.

Surgeon seizes tWt t^ sues m
^^^^ ^^^^^^^^

liis left hand and pulls tnem >vo
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the tarso-metatarsal articulation, and cuts a flap from the inner side
as far as the middle of the first phalanx, keeping as close to the
bone as possible. The assistant then pulls the soft tissues as far
outwards as possible, so as to bring the incision over the space
between the first and second metatarsal bones, and the Surgeon
passes his knife between the bones through his former incision
cuts forwards right through the web, and then opens the tarso-
metatarsal articidation as in the oval method, and completes the
cisarticidation. A similar flap may also be raised by dissection.
As in the hand, it may be desirable not to open up the tarso-
metatarsal articulations, but in the case of the great toe this is not
of so much importance, as it has a synovial membrane all to itself •

and, besides, it is usually in cases of partial amputation of this
bone that trouble is apt to arise on account of wound of the
communicating branch of the dorsalis pedis artery. In partial
amputations the bone should be divided obliquely, to avoid any

-

unseemly and .troublesome projection. A probable advantage Ithe preservation of the insertion of the peroneus longu^ and tibialisamicus miiscles.

Amputation of the Little Toe with its Metatarsal Bone.-illm may be done by precisely the same methods-1. The
acket-shaped " incision, with the straight part of the incisionon the dorsum of the foot-the best method. 2. The same

Objection, the lateral scar. 3. External flap, either by trans

Thel "r^-y bad on account of the scar on tL olIhe first form IS the best, and is conducted on the same lines as
' ^oi-responding operation on the big toe

has fewc'r
1^^"^"*''°" '"^^ r..,^^^^^^ bone of the little toe

poplin??"":'
''''

^^^^

^^^^^^Z:^^^ \\ It -t a special

metatarsal bone 9 n '-
^^' '^^"^^^^ ^o it and the fourth

bounded 3 1. T '^^'^'^ ""'"''y oi being

te tnLrT :
''-^ ^--^

'bliquely. ^ divide the bone

opcialions-iho skin, superficial fascia, plantar fascia,
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digital vessels and nerves, and ligaments of the joints. The

following' muscles are divided in amputation of the Great Toe :—

At second phalanx, two mnscles-(l) Extensor proprius hallucis,

and (2) flexor longus hallucis. At first phalanx, the above two,

muscles and in addition other five-(l) Abductor haUucis, (2) flexor

l^revis haUucis, (3) adductor hallucis, (4) transversus pedis, and

(5) extensor brevis digitorum. At tarso-metatarsal articulation,

the above seven muscles and other three-(l) The tibialis anticus,

(2) peroneus longus, and (3) the iirst dorsal interosseous. So m

amputation through the second phalanx, two muscles are divided;

through the first phalanx, seven muscles; and both phalanges

^vilh the metatarsal, ten muscles. The Arteries divided are-

(1) Dorsalis hallucis, and (2) the trunk or branches of the artena

nia-ua hallucis. The Arteries to be avoided are-(l) The branch

of the dorsalis pedis, and (2) the plantar communicating arch.

In amputation of the Little Toe with its metatarsal bone, the

following fourteen muscles are divided :-Into the. metatarsal

bone, muscles-(l) The peroneus brevis, (2) peroneus tertius,

(3) flexor brevis minimi digiti, (4) transversus pedis, (o) fourth

dorsal interosseous, and (6) third plantar interosseous.
_

Into the

first phalanx, four muscles -(1) The abductor minimi digiti

?2) flexor brevis minimi digiti, (3) third phantar interosseous and

4 fourth lumbricalis. Into the second phalanx, txoo muscles-

1 The extensor longus digitorum, and (2) flexor brevis digi omm

Into the third phalanx, U^o muscles -(1) The extensor longus

digitorum, and (2) the flexor longus digitorum.

TAESO-METATARSAL ARTICULATION.

Amputation of the Foot at the Tarso- Metatarsal Articulation

^see FiV 40). -This is commonly called "Key's amputation.

Sisarticulatioli of the metatarsus is performed as

^^^^^^^^^^^
cuneiform bone, and then the projecting part of

^"-^l^^^^^^.
off (H)-but noi with a " Key's " saw, as the facetious examu^r

sometimes leads the unsuspecting candidate to believe and ta^

The disarticulation recpiires to be accomphshed with care as

end of the second metatarsal bone, in its articulation with th

ile cuneiform, projects ^-kwards f^en t^ie^^^^^^^^^^

internal cuneiforms. Li«feanc's modification of this opeiatio
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consists in the complete disarticulation of the tarsal bones, leaving
the projecting part of the internal cuneiform. The reason for
this modification is the supposed advantage gained by leaving the
whole of the internal cuneiform bone, to which the tendons of°both
the tibialis anticus and the tibialis posticus are partiaUy attached.
But even in Key's operation the attachments of these muscles are

Fig. 45.

Tarsus and Metatarsus.

1. Astragalus.

2. Os Calcis.

3. Cuboid.

4. Scaphoid.

5. External Cuneiform.

6. Middle Cuneiform.

Internal Cuneiform.

Line of Chopaet's Amputa-
tion,

Line of Lisfeanc's Amputa-
tion.

Part of the Second Metatarsal

removed by Skey.
Part of the Internal Cunei-
form removed by Hey.

Note. — The sigmoid curve
formed by the line of Chopart's
amputation ; also the mortise
formed by the three cuneiform
bones, into which the base of
the second metatarsal juts.

7.

C.

s

H

aot destroyed; for, although anatomists figure certain points on
hones as the attachments of tire muscles in question, yet it isfcmnd practically that they have extensive attachments to the

iSvlT' neighbourhood; so that this

HKY's'operation, is more imaginary

ITa ;t f''^f
^^^j*^"'^"" "^S^^^ '-^g^^^-^t Hev's amputation is

' nceiious bone is divided, and that there is therefore a

Q
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greater risk of septic absorption and osteo-myelitis. Hey's ampu-

tation, however, is more easily performed and leaves a better stump

tliau LiSFRANc's. Mr Skey removes the end of the second meta-

tarsal bone, but does not interfere witb the internal cuneiform.

The amputation may be performed in one of three ways :—In

the first, the dorsal flap is made first, the bones disarticulated, and

the plantar flap cut afterwards. In the second, the plantar flap is

cut first, then the dorsal, and after this disarticulation performed.

In the third, the dorsal flap is first made, as in the first method,

the plantar flap is then shaped and dissected up as in the second

metliod, and lastly the bones are disarticulated. In the first plan

the leg is placed with the foot downwards, the ankle jomt fully

extended, and the assistant keeps the heel firmly fixed upon the

table with the part of the foot to be removed overhangmg its edge,

and at the same time pulls the skin tightly upwards. The operator

then grasps the toes firmly, keeping the ankle joint well extended,

and when the dorsal flap is outlined by the first incision, the assistant

retracts it while the 'Sui-geon frees it by a few touches of the knife;

he then disarticulates, and finally forms the plantar flap. In the

second form the assistant grasps the toes, and holds the foot at

right angles to the leg with the heel firmly pressed against the

table, while the operator dissects up the plantar flap ; the dorsal

flap is next made as in first plan, the assistant holding the foot as

there described, and the operator grasping the toes and extending

the ankle joint. In the third plan, the foot is held as in the firet

stage of the first method (well extended, and the Surgeon grasping

the°toes) ; it is next held as in the first stage of the second method

(at right angles, and the toes grasped by an assistant), and then

disarticulation performed in a manner common to all the three. \

strong, sharp, stout-backed, sharp-pointed, and not too broad-bladed

bistoury is the best knife to use ; tlie blade should be about four

inches long, but the point must not be too spear-like lest it break off

in opening the joints. The guides for this operation are (Fig. 46) :—

The projection formed by the fifth metatarsal bone on the outer side,

and the tarso-metatarsal articulation of the great toe on the inncr

side, a groove corresponding to which may be felt by firm pressure,

or, if this is indistinct, a point may be taken one inch in front of

the tubercle of the scaphoid, M'hich will indicate the articulation
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nearly enoiigli for all practical purposes. It is often a little difficult
10 iind the tubercle of the scaphoid with certainty.. First of all
liud the internal malleolus, then pass forwards and slightly down-
^vards and the next prominence met with is the head of the
astragalus, about one inch from the malleolus; then, still passingm the .same direction, comes the tubercle of the scaphoid, about
one inch further forward, lastly, and about another inch in front
or this, IS the articulation of the first metatarsal bone with the
internal cuneiform. The beginner is apt to mistake the head of
the astragalus for the tubercle of the scaphoid

Fig. 46.

Incisions for Hey's Amputation.

mtJ^rrfTt* Surgeon sei.es the toes

oretagep and thumb on tho points marking the line of the

atSwT„°;':;"' 0* «.e fifth Lr

zI^B^f^^^^^^

issects t un 1 '^"'^'"^
^^^^ «^««P« the knife

he h i ^^i:^^ '-'V'-'
of the'knife towards

J-ne aiticulations are then to be opened (sec Fig. 45)

:
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ou tlie rigM side they are to be opened from the fifth inwards till

the knife is arrested by the second metatarsal bone; the knife is

then taken out and the articulation between the first metatarsal

bone and the internal cuneiform opened; in opening the joints

the operator shoidd work only with the point of the knife, and

confine himself to the division of ligaments. The Surgeon

inserts the point of the knife obliquely between the bones, with

Fig. 47.

LiSFRANc's Amputation.

To show the method of freeing the second metatarsal hone from the

mortise formed by the cuneiform bones.

its edge uppermost, and gradually raises it to the perpendicular

(Fig. 47), and then presses firmly backwards between the bases of

the° first and second metatarsal bones and moves it gently back-

wards and forwards until he feels the strong interosseous ligament

snap. The same may be done if necessary to the other side, and-

also between its base and the middle cimeiform, the toes at H

same time being firmly depressed, and then, by giving a smart

wrench the disarticulation is completed. He then places his lott
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thumb over the end of the disarticulated bones and dissects oE a
flap, consisting of the whole thickness of the tissues of the sole,

and carries the dissection as far as the roots of the toes. From
the layer of tissues thus dissected up, the operator shapes a neatly-

rounded flap, longer on the inner than on the outer side, by
transfixing the centre and cutting towards each side, and so
sloping the knife that the integumentary structures are cut longer
than the muscles.

RESUME of LisFRANc's method :

—

1. Toot extended, and the bony guides felt by index finger

and thumb.

2. Outline the dorsal flap, beginning and ending half-an-
inch in front of the bony guides; and divide the
tendons by a second cut near the base of the skin flap,

so that they may not project beyond the sldn. ,

3. ifake the plantar flap by carrying two lateral incisions
along the sides of the foot, and join by a curved
incision in front across the sole, but obliquely, so that
the flap is longer on the inner side.

4. Assistant then holds foot at right angles while this flap
is being raised.

5. Then disarticulate, remembering the mortise into which
the second metatarsal juts.

Instead of this method, the whole operation may be done as
descnbed in the remmd of Chopart. On the living body, Mr
Spence always performed Key's method, as it was easier and left
a better stump.

_

By the second method the plantar flap is cut first. A strai-lit
mcision IS earned from the two bony guides along each side of the
oot, reaching nearly to the roots of the toes and the inner one
longer than the outer; the two lines are then united in front by a

cuiwed incision, thus marking out a flap with well rounded
ngles. The flap is then raised, and at first should consist only of
integumentary and fascial structures, but after the first inch, may
^nclude everytliing down to the bones. A dorsal flap is next to

^o^^tZ^::^^'^ '''' ^^^"^'^
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The third plan (see risume) is probably tlie best. The dorsal

flap is formed as in the first method ; next the plantar is shaped

and dissected up, as at the beginning of the second method ; and

finally the bones are disarticulated.

The vessels requiring ligature are— (1) The dorsalis pedis

at the apex of the dorsal flap, (2) internal plantar, (3) external

plantar, and (4) numerous branches of the plantar arch and dorsal

plexus of veins. By making the short dorsal flap the cicatrix is

placed rather on the front of the stump, and is thus opposed to

the soft padding; whereas, were it on the dorsum, it might be

injured by the pressure of the boot.

The objections to the tarso-metatarsal amputation (Hey, or

LiSFBANc), as thus described, are— 1. If practised in a diseased

foot, probably the other bones and joints will also be diseased and

load to a return of the mischief. 2. If for accident, it is far too

elaborate and complicated, and more especially as the anterior

parts of the foot are smashed, and therefore we have no advantage

of leverage to assist in disarticidation ; a simpler and better way

being simply to dissect back a sufficient sole flap, and then saw' the

bones across at any convenient point, irrespective of articulations.

This plan has further a special advantage, as it may leave the front

of the foot a little longer, which wiU thus form a more effective

lever to oppose the tendo achillis.

MEDIAN TARSAL ARTICULATION.

Chopart's Amputation (Fig. 45 C).—This operation consists in

the amputation of the foot at its transverse articulation— i.e., the

articiUations between the astragalus and the scaphoid on the inner

side, the cuboid and the os calcis on the outer side; in other

words, the removal of that part of the foot that lies in front <'t

the OS calcis and astragalus. The shape of the articulation i-

alternately concave and convex—on the inner side it is com -

forwards (due to the rounded head of the astragalus), but concu

forwards on the outer side. The manipulations of the Surgeon,

the duties of the assistant, and the three methods of raising the

flaps, resemble very closely the corresponding stages of tlie pre-

vious operation, so that they need not be repeated in detail.
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The guides for this operation are the tubercle of the scaphoid
on the inner side, and a point one inch behind the projecting
base of the fifth metatarsal bone on the outer side; or, in fat
ankles, a point midway between the projecting base of the fifth

metatarsal bone and the front of the external malleolus (Fig. 48).
The knife used by Chopart was about six inches long, half-an-inch
broad, sharp-pointed, and stout-backed. Suppose the operation is

to be performed by tlie third method, the Surgeon places his
thumb and forefinger on tlie two bony points already indicated, and
fully extends the ankle joint, and then makes a semi-lunar incision
down to the bone, marking out a flap about an inch and a half

Fig. 48.

Incisions for Chopart's Amputation.

in length, commencing and ending well in the sole, and half-an-
mch in front of the bony guides. The assistant retracts this flap
as the Surgeon frees it by a few touches of the laiife. This being
done, the assistant next seizes the toes and holds the foot at riglit
angles to the leg and pressed firmly against the table, while the
operator forms tlie plantar flap by cutting along the sides of the
foot as far as the " tread," and joining the two side incisions by a
gently curved one in front, but taking care that it leaves the flap
much longer on the inner than the outer side, as the inner edge
ot the foot is much deeper; the flap should be somewhat square-
shaped with weU rounded angles. When the flap is fully dissected
uown, the foot is again extended, the bones disarticulated, and the
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operation completed hy sawing oif the projecting head of the

astragalus and the articular surface of the os calcis.
^

The objections to this operation are—1. If done for disease,

it leaves two bones of all others the most likely to be diseased.

2. If for injury, it is better to dissect up a sufficient flap from the

sole and saw the bones at the most convenient point, irrespective

of articulations. 3. The muscles forming «the tendo achillis have

nothing to counteract them and therefore draw up the heel, and

the patient soon begins to walk on the front part of his stump,

i.e., on the cicatrix, more especially in cases of amputation for

disease. For this reason it is advisable, in cases where this

amputation is performed, to divide the tendo achillis subcutane-

ously at the same time, in order to equalise matters. The

tendency to tiltiiig, hoAvever, may be obviated, to a' great extent,

by stitching the extensor and flexor tendons together over the face

of the stump. Syme's amputation at the anlile joint is to be

preferred to either Hey or Chopart in the case of disease of the

bones, and for Chopart in almost every condition.

RESUME of Chopabt's amputation :

—

1. Foot extended and bony guides felt by thumb and

index finger.

2. Outline dorsal flap, beginning and ending a little in front

of bony guides.

3. Eetract skin flap and then divide everything down, to

bones at base of flap.

4. Bend foot forcibly downwards and disarticulate.

5. Then peel off all the structures forming the sole,

keeping the knife close to the bones, as far as the

balls of the toes.

6. The flap is then fashioned and dressed, being cut longer

on the inner side. Lateral incisions might be first

made, as in Lisfranc, and the whole operation com-

pleted as there described (see resume of Lisfranc). In

every case it is probably better to shape and raise th-^

plantar flap by dissection, before disarticulation, both

in Hey and Chopart.
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Chief Structures divided in the two preceding Opera-
tions.—!, The iutegumeiatary coverings and the plantar fascia.
2. Muscles—(«) Tibialis aliticus and extensor brevis digitorum;
{h) the extensor communis digitorum and the peroneus tertius •

(«) the extensor proprius hallucis
; {d) the peroneus longus and

breyisj (e) the tibialis posticus; (/) the first layer of muscles
of the sole of the foot (the flexor brevis digitorum, abductor
iialiucis, and abductor minimi digiti); (r/) the second layer of
muscles (the tendons of the flexor longus digitorum and flexor
longus hallucis, accessorius and Inmbricales)

;
(A) the most of the

muscles of the third layer (flexor brevis hallucis, adductor hallucis
• flexor brevis minimi digiti, and transversus pedis). 3. Vessels-
(«) The internal plantar artery; (i) the external plantar artery,
with the plantar arch and its digital branches

; (c) the dorsal
artery of the foot, with its tarsal and metatarsal branches

.4. Nerves-(«) Anterior tibial or its branches; (5) the plantarnerves; (c digital branches of the musculo-cutaneous or peronealnerve; {d) the digital branch of the external saphenous nerve.
0. Ihe Ligaments of the various joints opened into; and, further«we m sp aU, ,on the long and the short plakr i;-ga::ientsand the inferior calcaneo-scaphoid. The structures divided inWE. s operation are almost the same as the above, with the

3 nTt d^Med °P-^-^ ^one .

THE ANKLE JOINT.
1. Syme's Method.-As in all amputations of the foot the-baal arteries are to be secured by the thumb and finger of^i

Fig. 49.
Kn>fe por Syme's Amputation at the Ankle Joint.

midway between the two malleoli, the fingers over the
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postijrior tibial about half-au-inch behind the internal maUeolus

—or else by an elastic tourniquet applied above the ankle joint,

or at the lower third of the thigh.

An assistant grasps the toes and holds the foot at right

angles to the leg with the heel projecting over the edge of the
-

table, or over a block, while the operator is
.
making the heel

flap. The only instruments required are an ordinary saw,

Fig. 50.

Outer Side of Right Ankle.

T Tibia. S. Line of Syjie's Amputation.

f! Fibula. P- Line of Pirogoff's Amputation.

Note tlie rdation of the incisions to the external malleolus.

probably a lion forceps, artery forceps, Ugatures and scissor,

and a knife; the blade of the knife should not exceed fou

inches in length, and it should have a strong back as well as .

large and strong handle (Fig. 49). The guides for thrs operat^^^^^^^^^^^

-the external malleolus on the outer side, a point rather neau

its posterior than anterior edge, and a V^^^^-'^'^1 "g
,!

this on the inner side, i.e., a point about half-an-inch behn.
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and below the iiitemal inaHeolus, as the external maUeolus is
longer than the internal and also posterior to it (Fic^s 50 51 S)

Position of the Patient.-In this, as in aU amputations of the
leg and thigh, he should be brought well do^vn towards the lower
end of the operating table, his sound leg being tied to one of the

Fig. 51.

Inner Side of Right Ankle.

A. Posterior Tibial Arteiy. s. Li.ie of Syme's An.putation.

Note the relation of the angle, formed by the two parts of Syme's

sS tS -"-^-l^elow .Id behind; also tf^^i
- '^^^ -H^e, Just after its division

tt^^-J'T
'''' ^^'^^ Surgeon takes

h 2Ttar f
' ^'^^"^'^^ had^^varch, cutting down toI'c plantar fascia and bone at once-the point of bone cut down
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upon should be the large internal tubercle of the os calcis; the

heel flap should contain no muscular tissue. Should the flap

extend in front of the tubercles, great difficulty wiU be experienced

in dissecting it back over the os calcis. In raising the heel flap

the operator places the fingers of his left hand behind the os calcis

(or rather below, as the foot is now held) and inserts the point

of his thumb between the edges of the plantar incision. In the

dissection he must keep the edge of the knife close to and parallel

with the bone, guiding it with his thumb nail tiU the os calcis

is fairly turned and the insertion of the tendo achiUis comes mto

view. The nail not only guides the knife, but pushes the flap

downwards, and also prevents the edge "scoring the flap." The

operator then grasps the front part of the foot with his left hand

fully extends the ankle joint, and unites the two ends of his first

incision by another across the front of the ankle "forming an angle

of 45" to the sole of the foot and long axis of the leg" (Syme), m

other words, he cuts as straight as possible across the front of the

ankle, dividing all the tendons, vessels, and nerves. Mr Heath

directs it to be made at right angles to the first. Mr bYME.

we beUeve, made this incision immediately after he made the

plantar one, and therefore before the heel flap was dissected back,

and this is the method still followed in the Edinburgh School.

The anterior flap is then to be seized by the assistant and draw

slightly upwards, while the operator frees it a little if necessa

The ankle joint is then opened from the front, and the later^

ligaments on each side divided by the point of the knife bemg

carried outwards and downwards on each side between the malleo

and the astragalus; the joint is best opened by a horse-shoe shape

incision with the convexity upwards, and not in the direction o\

the primary incision, as this avoids locking the knife agamst, an

sawin- on the neck of the astragalus. In disarticulating, the operate

must be careful not to injure the posterior tibial artery, as it hes

a croove on the posterior surface of the astragalus. The foot c

now be dislocated forwards, and is pressed downwards .vlule t

tissues behind the os calcis arc divided with the edge of the knil

kept close to the bone, and the removal of the foot completed b.

E dition of the tendo achillis. It should bo stated that

Surgeons form the heel flap from above, after making the auteiic
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cut, as they say it avoids the tedious dissection of the heel flap
round the projecting os calcis, as in the other method. The knife
i.s tlieu to be carried round the tibia and fibula to prepare them for
the saw, wliile the assistant retracts the flap; the external malleolus
is next to be grasped with lion forceps, and tlien both malleoli are
sawn off, including a thin slice of the intervening part of the tibia
—just enough to include all the cartilage-covered surface. The
saw must be kept parallel with the lower end of the tibia, that is
to say, at right angles to the axis of the limb, the blade neither
bemg aUowed to cut obliquely in the antero-posterior direction, nor
yet from side to side. Both in clearmg the bone and in sawuig it,
the operator must again be careful of the posterior tibial artery'
and also the vessels that lie behind the two malleoli—the con-
tinuation of the peroneal behind the external maUeolns, and a
branch of the posterior tibial behind the internal. In dissecting
the heel flap by keeping the knife close to the hone we avoid
makmg button holes, and also "scoring" the flap, which is
specially objectionable, as it severs large numbers of fine vessels
a which the nutrition of the heel flap chiefly depends, and which

torm long anastomosing loops nearer the bone than the skin, and
uimmg chiefly in the antero-posterior direction (as looked at in
:he position of amputation). These important anastomosing loops
ue derived from two lateral arteries of some size running alon^
nch side of the heel flapj the outer one is the continuation of the
roneal artery, while the inner one is derived from the posterior

>b>al artery about one inch above the ankle joint. When the
ncisions are made according to Mr Syme's directions the posterior
•''.al artery is not cut till after its division into internal and
ternal plantars; the point of section is just in the angle where

I

two incisions meet on the inner side (see Fig. 51). Some
culty may be experienced in stitching the hard edge of the
flap to the thm skin in front of the stump. Before stitchin^

!' the wound it is necessary to secure every vessel that can be

.< iioTtrh n'' ^^'J""''^^^
P^dis (or the termination of the

-sit)ie any general oozing.

..•tweTn'^'//^l?^' '"^^ "^^^'^ ^ ^ongitmUnal slit inlo^vest part (as the patient lies in bed) of tlie heel flap, so that
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any scar will not be on the surface on wliicli he is to walk; or,

perhaps the better and more usually adopted plan, is to pass a

drainage tube through the stump transversely, bringing its ends

out at the angles where the two incisions meet. This latter plan

is amply sufficient, especially if the patient be taught to lie for

some time on the affected side with the amputated limb flexed at

the knee and in front of the sound leg, so that the discharges may

escape at the fibular angle ; and at the same time we may, by

properly applied cotton wool and bandages, prevent any cavity

forming in which the discharges can accumulate. Should all go

well the tube may be safely removed in a few days. It will be

observed that the general rule, about making a short posterior flap

so as to facilitate drainage, is broken in this amputation, because

the heel flap, thus secured, bears pressure so much better than an

anterior flap would. If the plantar incision is made from malleolus

to malleolus the flap is not symmetrical, and the incision in the

sole extends too far forwards, which makes it very difficult to turn

back the flap over the prominence of the heel ; and very likely^

before this is accomplished, irreparable injury has been inflicted on

the heel flap. PiURiE saws through the tibia and fibula without

disarticulating at all.

RESUME of Symk's amputation :

—

1. Foot held at right angles by assistant, and sole cut made.

2. Foot extended by Surgeon, and the cut in front of the

ankle made.

3. The assistant again holds the foot at right angles, while

the Surgeon raises the heel flap till the prominence of

the OS calcis is turned and the tendo achillis visible.

4. Open the joint by a horse-shoe cut, convexity upward?,

divide the lateral ligaments, and detach, taking care ot

the posterior tibial artery, as it lies on the astragalus

behind.

5. Clear the ends of the tibia and fibula and saw, agaui

taking care of the posterior tibial artery.

6 Examine the inferior tibio-fibular articulation and gonj;v

it out if necessary : after this tie the vessels, close tlx

wound, di-ain, dress, and apply a splint.
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2. Mackenzie's Method—By a Large Internal Flap (also called
'Koux's amputation").—The foot to be amputated is laid on its
liter side and firmly held by an assistant, with the foot and
ankle projecting over the edge of the table or over a block of
Lonvenient height. The guides for this operation are not bony
but tendinous, viz., the tendo achilHs behind and the tendon of
the tibiahs anticus in front, at the level of the ankle joint. The
Surgeon then places his thumb and forefinger on the two tendons,
at the level of the ankle joint—the tendo achillis behind, and the
tendon of tlie tibialis anticus in front, almost over the centre of the

Mackenzie's Amputation.

(After Spence.)

Fig. 52. Fig. 53.

Large Internal Flaii. Incision on Outer Side.

-m He then inserts the point of the knife over the centre of thendo acInlhs, and cuts obliquely across that tendon towards th
'

a ttle
of the heel, along which it is conWca a little way in a semi-lunar direction, and is then curved

'"ion of the tibialis anticus, about an inch in front of the

:rh"e:fts;;l' '^t/'
' - z

level w th th r
''''' ''''^ base to be

convcMty of the flap .should be about an incli below the
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ankle The flaps are then to be dissected up, taking care of

the posterior tibial and plantar arteries, which are found in the

centre of the large internal flap ; in order to preserve these vessels

it is necessary to go down to the bone cd once, and dissect up

muscles and all in one mass. Disarticulation is then performed

the tibia and fibula cleared and sawn as in Syme's amputation, and

with the same precautions.

The advantages claimed for this method are—1. It can be

performed in cases where the tissues on the outer side of the foot

have been destroyed by disease or accident. 2. When the patient

lies on his side the large internal flap is kept in good position by

its own weight. 3. There is a free exit for discharges, etc., from

the posterior and outer side, so that there is less risk of pain and

tension and putrefaction of the accumulated discharges. 4. There

is no risk of sloughing, as the posterior tibial and the two plantar

arteries are in the centre of the flap. It is a curious fact that the

stump in this amputation in a very short time comes to resemble

the stump in Syme's amputation so closely that it is ahnost

impossible to tell the one from the other.

3 Pirogoff's Method.-The peculiar feature of this amputation

is the preservation of the posterior part of the os calcis m the heel

flap which is adjusted to the cut surface of the tibia and fibula.

The foot is held at right angles to the leg, and the incision begins

and ends at the same points as in Mr Syme's amputation (see

50 51 P), but is not made directly across the foot, as in

th^t'mettiod, b;it should be carried obliquely f™rdj so

J^f^
the centre of the incision in the sole is an inch and a haK in front

0 aL drawn transversely across the sole from the tip of one

malleolus to the other, or a little beyond the anterior end of the

Tcalcis. The incision must go down to the bone obhquely, and

Wore, the blade of the knife must not be held at right

aWes t the sole. The edge of the flap may then be freed

from the bone for about half -an-inch ; the' foot is next to be

ornded and a strairjM cut is made across the front of the ankle

Si^^ unikng the two ends of the first incision. Disarticulation

^
t Trfoimed as in Syme's amputation, by opening the thm

of the ankle joint and then dividing the strong

MeTiments, with the point of the knife inserted between
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the malleoli and the astragalus. The foot is stiU further extended
and the fatty tissue in front of the tendo achillis cleared, exposing
the posterior part of the upper surface of the os calcis; the bone
IS also more fully cleared in the line of the first incision The
operator then draws the foot well downwards, its sole resting on
the table or overhanging its edge, whUe tlie assistant grasps and
steadies the heel. A narrow saw with a movable back (but an
ordmapr saw wiH do well enough) is then appHed midway between
the astragalus and the tendo achillis, and a section made through
the OS calcis obliquely downwards and forwards in the line ofthe first incision. If the foot is held overhanging the edge of the
table, or a block, during this part of the operation, the section willseem almost vertical. He next removes a slice from the end ofthe tibia and fibula, transversely and at right angles to the axis ofthe bone, as m Symh>'s amputation. The osseous surfaces are then
to be accurately adjusted, and the limb laid on its outer side withthe knee joint flexed, so as to relax the muscles forming the tendoachdhs and thus avoid tilting the part of the os calcis in the heel
flap. olhc^ue section through the os calcis is to insure thatthe dense tissues covering its lower part are exactly at the end ofthe stump and will receive the weight of the. body; further it

ZZl 71 r'^r f '^"^ apply against the 'cut ends'

0

^..^Trl X V"^ 1"^* °^ does not

Zlv r! "\
"^"'^ '""'^ -'i-^ to adhere

be dtnl . I r '^'^ tendency to

iomiZ Should, however, the tendency •

cTt throu.hT f - -^-tieal

flan JfX\ \TT' T''''^^^'^ " S''''^'' d^^«^«ti«^^ of the heel

St fc^he T
' 'f'f'^ ' '''''' «f the ankle

w^h^ w^ i"^"''
P^^-* -Pl-^t-g the patient's

SXdl^^^^^^ ^-tea^d of the

IonJer\tl1:rTr!f^' ^^^1^*^°^ —1- loaves a

as it save 1 ; V
'''^ performance than a Syme,

^it the rono
''^^^ ^^^^'^^tion of the heel flapthe bones require more accurate adjustment. 3. There

K
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less liability to sloughing of tlie heel flap, as the vascular supply

is less disturbed. 4. It is said to bear pressure better. Its

disadvantages are-l. iReturn of the disease in the fragment of

bone left in the heel flap, and therefore this method should never

be chosen in the case of disease of the bones of the ankle joint.

2 Greater liability to osteo-phlebitis and pysemia, owing to the .

section of the two spongy bones. 3. The process of union and

consolidation of the bony surfaces is more tedious. Lastly as

compared with Syme's amputation it is not fce^^er fitted to

support the weight of the body, nor ,o well adapted for pro-

gression (SpENCe). XT, 1 * 4.1,„

Subastragaloid Amputation (LiGNOEELLEs).-Kemoval of the

foot below the astragalus through the joint between it and the

OS calcis. The guides for this operation are :-A point three-

quarters of an inch below the external malleolus, and opposite

the outer tubercle of the os calcis, on the outer side, and the

tuberosity of the scaphoid on the inner side. A
^^^1

flap i

made somewhat after the manner of Syme's amputation, but

extending rather further forwards, and a dorsal A^p as m.

Chopakt's amputation, the anterior bones removed a= n tha

operation and the os calcis dissected out afterwards first

opening the joint between the scaphoid and astragalus, and

tien That between the astragalus and the os -"^l^^^^- ^obi-

mencinc. on the outer side (right foot) the incision s

caS forwards for a little way, and then downwards to

he sole of the foot, passing just behind the prominence of

t fif^h metatarsal bone, across the -le/-^^,^-t\7^^:-

the tubercle of the scaphoid on the iniier side The ends of th

ncis on are connected by another curved incision aci.ss th

dorsum of the foot. The soft parts are nex raised on the outei

side sufficiently to reach the tendo achUlis which is

^
b

cautiously divided. The finger is now introduced into the

™id \o feel for the articulation between the os calcis and

r:sta :ius3 the point of the Icnife is then V^^^^^^^^
thP bones and the strong interosseous hgament divided, tvHU

t foot"; wrenched forcibly inwards. The astragalc.scapW

'
iculation is next opened, and then ^ ^

side and the rest of the heel flap are put on the stretch M3>
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twisting the foot, separated from the os calcis, and the foot
removed. In cases where the flaps are somewhat scanty, the
head of the astragalus may be sawn off. A serious objection
to this method is the fact that it leaves a loose bone at the
end of the stump over which the patient has no control, and
which must of necessity, therefore, cause great insecurity during
progression.

Hancock's Amputation.—This consists of amputation below
the astragalus, and at the same time leaving the posterior third
of the OS calcis, which is turned up against the denuded surface'
of the astragalus. It, therefore, bears the same relation to
subastragaloid amputation as that of Pirogofp does to Syme's
The incisions must extend further forwards than in subastragaloid
amputation, passing on the one side to a point half-an-inch
anterior to tlie projecting end of the fifth metatarsal bone and
to a corresponding point on the other. These incisions are' then
united by a third semi-lunar incision with its convexity towards
the toes. The flap thus marked out is to be reflected nearly as
far back as the tuberosities on the under surface of the os calcis
and th6n a 'fourth incision is carried across the dorsum of the
foot just behind the head of the astragalus. Next, the posterior
third of the OS calcis is divided by the saw applied to its under
surface, the other tarsal bones separated from the astra-alus
and the foot detached. The head of the astragalus is sawn off
Its inferior articular surfaces denuded by the bone forceps the
vessels tied the posterior third of the os calcis turned up against
the denuded surface, the flaps fixed, and the operation completed.
The wound is drained from the lower angles, which are left open.

Ihe alleged advantages of this operation are-1. It leaves
a longer stump 2. The greater amount of leverage afforded bythe astragalus for the artificial foot. In cases of disease of the

TnLrff ""'"^'Jf
"^''P''''^ Amputation which is said, by

of d 'T'" V"""^'
without anyof Its disadvantages. Tlie os calcis is cut horizontally at riffht
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angles to the long axis of the leg at the level of the sustentaculum

tali and thus gives a flat surface to stand upon, instead of the

posterior part of the os calcis and the unsupported anterior

extremity of that bone. The periosteum covering the under

surface of the os calcis should be preserved and turned up against

the raw section. The skin incisions are made as m Choparts

amputation. . , ,

The followuig is a general list of the more important

Structures divided in the previous amputations m the vicinity

of the ankle ioint-.-l. The integumentary coverings and plantar

fascia. 2. Mtiscles-(«) The tibialis anticus ; (6) the extensor

communis and brevis digitorum and peroneus tertius; (c) the

extensor proprius hallucis ;
(ri) the peroneus longus and brevis;

(e) the tendo achillis and plantaris ; (/) the tibialis posticus;

In) the first layer of muscles of the foot (the abductor hallucis

flexor brevis digitorum, and the abductor minimi digit,)
;
and

(/.) part of the second layer (the tendons of the flexor longus

digitorum and flexor longus hallucis, and accessorius muscle).

3 Vessels-(a) The dorsal artery of the foot, or the anterior

tibial: ih) the internal and external plantar vessels, or else the

posterior tibial close to the point where it divides into hese

vessels
• (c) the long and the short saphenous veins

;
{d) the

rt rna'l iaicaneal branch of the peroneal artery; (.) the interna

calcaneal of external plantar; and (/) ^1/^^-0-/--^"^;]
artery, the internal malleolar branches of he posterior tibial and

the malleolar branches of the anterior tibial. 4. Nerves-(a) The

posterior tibial or plantar nerves; {h) the anterior t^bml; (c) the

Lsculo-cutaneous or peroneal; and (ri) the long and the short

saphenous nerves. 5. The ligaments of the ankle joint and the

vartus ler joints disarticulated. 6. The ends of the tib:a and

fibula and, in Pirogoff's amputation, the os calcis, and, in

Hancock's amputation, the astragalus as well as the os calcis.

i^ither, in Pirogoff, as compared with Svmk, the tendo acliilhs

[s not ivided, the first layer of muscles of the sole are divided

as well as the flexor accessorius, and the plantar vessels are

divided much further forwards.
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CHAPTEE XYI.

AMPUTATIONS OF THE LOWER EXTREMITY

( Continued).

Amputation just above the Ankle. - In all cases whereampu ation at the ankle joint cannot he perfomed, amputation
mmediately above the ankle should if possible be chosen in pre-
ference 0 that at the "seat of election," for two reasons-1 The
longer stump gives greater command over the artificial limb, and
instead of, as formerly, using the old "box leg" with the stumn

prX? tfe'sf
-''^ '^^^ '^^^^^^'^

prongs, the stump is now encased in the socket of a short wooden

\Z P^^^^^^-- 2. Amputation in this situation is

S.MEs heel flap may be used even when the bones are divided

foo o.t t «P^^-«ons on the

mtence
'

Th 7^V' T ilio-pectineal
eminence. The patient is brought well down, so that the partto be removed projects over the end of the table, and is held

hgh
y flexed, and the foot and leg well inverted, bv an assistant

he eVt Te '

''''''''''' ^ight-hanfsid

bones fre not d- t i /fr
"^"'^''^^'^ *° ^^^^^^^ is that the

the stZ r ^'''''^ P««^^^^^ P°i^t' therefore

S 2ll " "^^^-^ ^ g-ater risk toWe. Ihe large square anterior flap nxay be taken partly from
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the dorsum of the foot, so as to bring tbe point of section of

the bones as low down as possible, and it must include every-

thing in front of the bones and the interosseous membrane.

The anterior tibial artery lies in the middle of this flap, but it

is very close to the interosseous membrane, and should the flap

be raised in the ordinary way by the knife, the artery is very apt

to be punctured during the dissection; to avoid this undesirable

accident-as the nutrition of the flap depends on this vessel-we

Fig. 54.

Amputation of Leg.

.LisTEu's Ainr'ntati""-

.TEALii's Au\liutatioii.

must follow Mr Teale's plan, who has shown that, on account

7tL Iparatively largJ amount of loose cellular tis^

between the anterior structures and the membrane,
Jl^^J^J

difiicidty in separating the flap from its anterior --'fe-^y^^

We or thumb nail, or the handle of a scalpel. To render thi

:r easy the lateral incisions, marking the limits of l^e - -^^^

flan should go through all the soft tissues down to he one,

iTccSi; on'the fibular side, on account of the intimate attach-
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inent of the muscles to that bone. 'Jo insure that the anterior
flap shall be of the same breadth througliout it is advisable, before
beginning the operation, to measure with a tape and mark the
whole extent of the anterior flap in ink, rather than trust to the
eye alone, as the cone-shaped form of the limb "is apt to mislead
the eye. The posterior flap is then made With the same pre-
cautions to avoid injury of the arteries and nerve behind. The
tibia and fibula are next to be cleared to the level of the base of
the flaps, or a little higher if necessary, by circular sweeps of tlie

knife, first below and then above the bones, the interosseous
membrane divided, and the tissues between the bones cleared,
by a figure-of-eight-like sweep. To avoid cracking and splinter-
ing of the fibula, both bones are to be divided together, but the
fibula must be finished before the tibia. Should the angle in
front of the tibia be very acute it should be removed, either by
the bone pliers or a smaU saw. The vessels rectuiring ligature
are—(1) The anterior tibial at the middle of the apex of the
anterior flap

; (2) the posterior tibial ; and (.3) the peroneal artery,
both in the posterior flap.

RESUME of Teale's amputation:—

1. Mark out the flaps by the rules already laid down.
2. Make the laterar incisions, and then divide all the soft

parts down to the bone at the apex of the anterior
flap

: the anterior flap should be a perfect square.
3. Eeflect anterior flap, using the Imndle of the scalpel or

thumh nail to separate it from the interosseous mem-
brane, in order not to harm the anterior tibial artery.

4. Divide and raise the posterior flap.

5. Saw the bones at the upper limit of the reflected flaps:
assistant to turn the foot weU inwards, and the operator
to divide the fibula before the tibia is completely
divided.

^

0. Kx the flaps in position and dress the stump.

2- Long Anterior Flap, slightly rounded at the corners, and
luade by dissection. Mr P.ell recommends this method, and it
was also used by Mr Syme. It is formed on tlie same principle
•i>'^ with all the precautions of Mr Teale's anterior flap, and
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must "be long enough to fall down over the face of the bones, at

the i^oint of section, and the stump of tissue behind them. The

posterior tissues are divided by a transverse incision at the base of

the anterior flap. This method may be applied to any part of the leg.

3. Lister's Method (see page 187).—Take the diameter of the

limb at the point where the bones are to be divided, and then

make a straight longitudinal incision of that length on the inner

aspect of the leg, about half-an-inch behind the inner edge of the

tibia, and another similar incision on the outer aspect directly

over the fibula, but extending one inch higher up than the inner

one. The lower ends of these incisions are then united by a

nearly transverse incision, with the angles Avell rounded, where it

joins the lateral ones. The knife is next carried behind the

bones, and cutting somewhat obliquely, from without inwards,

fashions a short posterior flap, about one-half or one-third the

length of the anterior, convex downwards, extending from the

upper end of the internal lateral incision to a point exactly

opposite on the other side, and will be therefore about one inch

below the upper end of the external incision. The anterior flap

is raised as in Tealb's method, and the bones cleared and sawn

at the upper end of the outer incision. The fibula and anterior

edge of the tibia must be treated in the way already indicated.

The flaps are then to be stitched up closely, except at the upper

end of the external incision, which is left open for drainage, the

limb being placed on its outer aspect. The reason why the lateral

incision is carried further up on the outer side, is on account of

the difficulty of retracting the soft parts from the fibula, as the

bone is sawn an inch higher up than the proper base of the flaps.

They can be retracted without any difficulty from the tibia, and

therefore the incision is not carried further up than the typical

operation demands.

RESUME of Lister through CaK :

—

1. Measure with the eye the diameter of the limb.

2. Make a longitudinal incision equal to half this diameter

along the inner side of the leg, half-an-inch behind tlie

inner edge of the tibia, from a point one inch below

the intended division of the bone.
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3. Make a similar incision on the outer aspect, directly
over the fibula, but beginning one inch higher up than
the one on the inner aspect.

4. Join the lower ends of these incisions across the front of
the leg, forming a square-shaped flap with well-rounded
angles.

5. In the same way form a posterior flap about one-half or
two-thirds the length of tlie anterior.

G. Reflect both flaps to the level of the upper end of the
inner incision.

7. Reflect all the soft parts one inch higher up, clear the
bones, and saw them with the usual precautions—
fibiila thrown well forwards, and divided before the
tibia, and the sharp anterior angle of the tibia to be
removed.

Other methods are sometimes employed, as—
4. A Short Anterior Semi-lunar Flap made by dissection, and

a long posterior by transfixion, the bones being divided a little
above the base of the flaps.

5 Modified Circular.-But of all others the best method isby some form of long anterior flap and short posterior, as in the
operations already described; as this affords the best coveringsmee the bones are placed nearer the anterior aspect of the limband the cicatrix is out of the way of pressure, so that the patientcan bear a part of the weight of the body on the end of the stump

L headsTf'r'.'^'''
P™™^ «f '''' --^Hhe heads o the tibia and fibula. For the Structures divided

"ven m T,
''"""^^ '''' ^^^-g ^° there

arJe^r^^ anterior peroneal

UPPER TWO THIRDS OF THE LEG.

aeitt !f• 'M'
'^^'"'^ ""''^ h^niorrhage provided

S n t^^ '^'^ the tliumbs of an

situation the bones lie nearer the anterior aspect of the limb, and
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therefore, it is not necessary to provide so long an anterior flap in

order that the line of the cicatrix he placed well behind.

1. Long Anterior and Short Posterior Flaps.— The flaps at

first consist of skin and subcutaneous fat only, with muscular tissue

taken up towards their bases ; in the case of the posterior do not

take too much muscle. The limb is held in a way similar to that

of the previous amputations, and rotated well inwards, so as to

tlirow the fibula well forwards. The operator takes his stand on

the right side of the limb to be removed, so that he can grasp

the lunb above the point of amputation, and, in the case of the

rl<jU leg, places his thumb on the fibula, and his forefinger at a

corresponding point on the opposite side, which will, therefore,

be considerably behind the inner edge of the tibia. On the left

side the position of the thixmb and finger will be reversed, as the

operator then takes his stand inside the limb. He then marks out

a broad skin flap, equal in length to two-thirds of the diameter of

the limb, the heel of the knife commencing well behind the tibia,

its blade sweeping across the front, and its point ending a little

behind the thumb; next, without removing the Icnife from the.^

incision, he transfixes the limb behind the bones, taking care not

to pass the knife between them, and making it enter and emerge

through the angles of his former incision, so that the blade will

pass close behind the. fibula, but at some little distance from the

tibia. A short posterior flap, about half the length of the anterior,

is then cut from within outwards; while the posterior flap is

being cut, the assistant holding the foot must keep the muscles

tense by dorsiflexing the foot forcibly, while the operator or

another assistant pulls up the skin as far as possible. This insures

the skin being cut longer than the other tissues, and avoids

redundancy of muscle. The operator must next raise the anterior

flap, which at first should consist entirely of integiimentary

structures, but, as its base is approached, as much muscular tissue

as possible should be taken up, to insure its nutrition; both flaps

are then to be well retracted by the assistant standing opposite

the Surgeon, while the knife is swept circularly round the hmb at

the base of the flaps. The interosseous structures are

^
divided by the usual figure-of-eight-Hke sweep of km^*^^^^^^^^^^

care not to allow its edge to be directed upwards in the least, lest
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the anterior tibial artery especially-, or any of the other vessels, be
split, and retract beyond the reach of easy ligature. The bones
are then to be sawn, and the sharp angle reinoved from the anterior
edge of the tibia. In order to do this, it is usual to connnence
sawing the bone obliquely from a point half-an-inch above the
place where the bones are to be sawn transversely, and when the
oblique section has crossed the line of tlie transverse one, then
withdraw the saw and apply it transversely half-an-inch 'lower
down than the commencement of the oblique cut. AA^hen the saw
is about half-way through the tibia, then alter the direction of the
blade, so that it will take up the fibula, wliich is to be completely
divided before the tibia, to avoid cracking and splintering of the
weaker bone. The fibula is apt to project at the outer angle, and
to prevent this Air Duncan divides it nearly an inch higher up
than the tibia. Tlie sharp angle of the crest of the tibia may be
removed with the bone forceps, or a small saw, after the limb is
removed, should the operator so prefer it ; this method probably
disturbs the periosteum less than the other way. It is well, in
order to lessen the risk of necrosis, to split the periosteum alon-
the crest and turn aside two little triangular flaps of that membrane°
before the saw or forceps is applied, so that it may not be stripped
off to a higher level than that at which the saw is actually applied
The vessels divided are-(l) Anterior tibial, (2) posterior tibial,

(3) peroneal artery, and (4) the long and short saphena veins, all
ot winch may require ligature. By this amputation the vessels are
cut transversely, and the cicatrix is placed behind.

2. Lister's Amputation.-Take the diameter of the limb by
spanning, at the point of the intended division of the bone, and
hen make a straight longitudinal incision equal in length to two-
thirds of this diameter, along the inner aspect of the leg, com-
mencing one inch below the point at which the bone is to be
divided, and half-an-inch posterior to the inner edge of the tibiaA similar incision is made on the outer aspect, directly over the
hbula, but IS to be prolonged an inch higher up than the internal

TTT "^if P'^^^ °f bo^«)> fo^' reasons
ai.eacly .stated The two incisions are then united by a transverse
cut, with well-rounded angles, at the points where it meets the
lateral incisions. A posterior llap is then made from the upper
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:

end of the iuternal incisiou to a point exactly opposite that in the

external incision—that is, one inch below its upper extremity.

This flap should be half the length of the anterior, and is made by

carrying the knife round the back of the limb -vvith the blade at an

angle of forty-five degrees to the horizon, through the integumentary

structures only, and dissecting it up to the level of the upper end

of the internal straight incision. By this means we get rid of the

heavy mass of muscles of the calf. The anterior flap is dissected

up to a similar point, both flaps retracted, and the bones cleared

as high as the line of the external incision, and the operation

finished as described in the previous amputation (see Fig. 54).

3. The Modified Circular.—The leg is held, as in the previous

amputations, supported horizontally, and well rotated inwards, so as

to throw the fibula well forwards ; the assistant must also extend

the toes forcibly as the operator's Imife divides the muscles in

front, and dorsiflex forcibly as he divides the posterior gi-oup of

muscles. In this way the muscles are rendered tense and more

easily divided. Another assistant, standing opposite the Surgeon,

pulls up the skin well, both before and after the first incisions.

The Surgeon stands so that his left hand grasps the limb to be

removed above the level of the amputation, i.e., on the rkjld side ;

and then cuts two equal semi-lunar flaps of skin from the outside

by dissection. In order to cover both bones equally, and avoid

their projecting at either of the angles of the incisions, the flaps

may be placed rather antero-external and postero-internal. In

raising the posterior, the limb should be elevated to enable the

Surgeon to see better what he is doing. Both flaps are then

retracted and the skin at their bases turned back for a little way,

and the muscles divided at that level by a cii-cular sweep of the

knife, and the bones cleared for an inch or an inch and a half

higher up, and there divided with all the usual precautions. As

the posterior muscles, especially the superficial layer, retract further

than the anterior (being divided at a greater distance from then-

origin), they should be divided at a lower level, say, a coirple of

inches below the base of the skin flap.

Instead of making the skin flaps anterior and posterior, Mr

Bryant uses lateral skin flaps,'with circular division of the muscles.

This is objectionable—1. Because the tendon of the quadriceps
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extensor cruris tilts the sharp angle of the tibia into the anterior
angle of the incision, and is, therefore, likely to interfere with the
healing process. 2. Because the scar must necessarily be opposite
the end of the bone, and it also extends up both back and front of
the stump; hence the patient can neither bear his-Aveight on the
end of the stump, nor can he very weU manipulate an artificial
leg, because of the anterior and posterior scars. In the " modified
circidar," with anterior and posterior flaps, even though the flaps
are equal, the scar is well behind the tibia-(l) because the tibia
IS so near the anterior surface of the leg, and (2) as the stump
heals the posterior muscles contract and drag the scar stUl further
backwards and upwards, so that the patient can bear a great part
of his weight on the end of the stump.

Instead of using the pure " modified circular," the anterior skin
flap may be made equal to two-thirds of the diameter of the limb
and the posterior half that length. The flaps are then retracted,'
and the operation finished as above directed. The " modified
circular" gives a good stump out of the smaUest amount of
material, and with the smallest possible wound, and provides an
exceedingly useful limb, the patient either being provided with a
properly-fitting socket, in which to put the limb, retaining the use
ot the knee joint, or else resting his whole weight upon the bent
knee, as m the old, artificial "box leg."

4. The Old Flap Operation.-Th?s is recommended by manv
Surgeons especiaUy in cases of chronic disease, where the muscles
of the calf are much wasted. It gives a well-covered stump, withthe cicatrix m front, on which the patient can bear a considerable
par of his weight In this operation the Surgeon stands so thathe can grasp the limb below the seat of the amputation-on the

s^Lnf'tall V ^'f '
'^'^ '''' l^^t- ^

'S of th7r I

integument, steady and support the upper
.

part of the hmb, and retract the flaps when they are formedIhe operator then places his forefinger and thumb'on the fibida

tTbi! T '
^^lf-^°--ch behind the inner edge ofTe

ght limt: f";r' ''"^ '''''' «f kniffA 11

^'al o?L:r «f fi^uk, carries it down-wards foi about an inch and a half, then sweeps the blade across
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the front of the limb in a semi-lunar manner, and then upwards

tai it reaches a point a little UUnd the inner edge of the tibia,

and opposite the commencement of the incision on the outer side.

Then, without removing the point of the knife from the incision,

he transfixes the limb, the knife entermg and leaving a little below

the angles of the former incision, and forms a gently rounded flap

from the calf, by cuttmg first downwards for some distance and

then gradually outwards ; in cutting this flap he should support

the mass of calf muscles with his left hand. The anterior flap is

then dissected upwards, the assistant holding it while the operator

frees it by a few touches of the knife—if preferred, the anterior

flap may be dissected up before the posterior flap is made. Both

flaps are next retracted, the bones cleared and sawn a Uttle higher

up than the point of transfixion, with all the previous precautions.

The great objection to this amputation is the great mass of muscle

left in the posterior flap, which is therefore apt to bag and drop,

owing to its great weight, and leads to tension and sloughing;

for the same reason it must be kept in position by strapping, etc.,

and this is a source of great discomfort and pain to the patient, as

well as being likely to interfere with primary union of the wound.

To get rid of this difficulty to a certain extent, Mr Spence advised

that the skin of the posterior flap should be retracted and the

redundant muscle removed by a single sweep of the knife, thus

leaving little more than a skm flap. No doubt this is a great

improvement; but even this does not give the advantages of the

large anterior flap, viz. :—(1) Cicatrix placed behind; (2) a depen-

dent opening for drainage during healing; (3) the long anterior

flap is kept in position by its own weight; and (4) the tendency

to protrusion of the bone is less and ulceration of the flap is rare,

as the heavy muscular mass in the posterior flap is avoided.

5. Lee's Amputation through the Calf.— This amputation

resembles, in a general way, Teale's amputation, only the long

rectangular flap is made from the tissues behind instead of from

the front. The incisions are made at first through the skm and

cellidar tissue onlv, and when this has retracted, by virtue of its

own elasticity, the muscles are divided ; the superficial muscles

only are included in the posterior flap, the deep muscles with the

lar<^e vessels and nerves are cut at the base of the flaps. It was
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hoped by this method to combine all the advantages of Teale's
amputation together with the ease of performance of the old flap
method. But, as already pointed out, the question of ease and
time js not of so much importance now-a-days, as it is to secure a
good, useful stump.

6. The Circular Method (^HripU incision'') may be used in
cases where there is not suihcient skin to form a long anterior flap
Ihe steps of the operation resemble very closely those of the
modified circular, the only difference being that the skin is divided
circularly instead of in the form of two short equal semi-lunar
flaps; the skm should be divided three or four inches below thepomt at Avhich the bone is to be divided.

The foregoing six methods may all be employed either in the
middle third of the leg, or at the old "seat of election." The
seat of election " is about a hand's-breadth below the knee ioint

and leaves just sufiicient tibia to retain its tubercle, with the
msertion of the ligamentum patella.. In practice, however, it willbe found more conveiiient to go a little lower down if possibleIf he bones are divided at the "seat of election," some ifiiculty
will probably be experienced in securing the anterior tibial artery
Avhach at that pomt is just passing through between the bonesand IS therefore apt to retract after division, beyond the reach ofeasy ligature (see page 181); but, by going a little further down

nternt''
"

f
^^^"^ ''''' -^'^-e of th^inteross ous membrane and may be more readily secured. The headof the fibida should always be left, because, as a rule, its syn vtW " T

' ' ^^^"'^^ niembraneV the

b bwZ 1

*° ^^'^'^ amputations a littlebelow the
1 nee, Mr Holden has pointed out that in amputationsinch below the head of the fibula one artery is divided-thepophtea

;
at t.o inches below the head, Uoo arteks- he anteitand pasW tibials; at tUree inches below the head, 2. ar-the antei-ior and posterior tibials and peroneal.

The Chief Structures divided in the foregoin- amnutation.through the calf (Tie 55^ itp 1 Th. + * amputations

9 Miwl«= t

^^^—1- Ihe integumentary coverings.

Z^) ^le evr^"^ T'"^^'
^^^tensor communis digitonim

orevis, (/) the gastrocnemius, {g) the soleus, (h) the
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Fig. 55.

Section through the Calf.'

1. Anterior tibial vessels and nerves.

2. Posterior tibial vessels and nerves.

3. Peroneal vessels.

4. Short saphenous vein.

5. Septum between peronei and posterior muscles.^

6. Strong septum between peronei and anterior

group of muscles.

7. Weak eeptum in anterior group, through which

the anterior tibial arteiy is reached.

8. Interosseous membrane.

9. To show position of lateral incision.

10. To show position of direct incision (Guthrie's).

11. Tibia.

12. Fibula.

TU nMues of the Muscles are indicated by their initial letters.

Note -In the Anterior group of Muscles, inste.ad of F.L.P., read E.P.P.-Ext^usor
i>uifc. K

Proprius Polhcis vcJ HiiUucis.
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piautaris, (/) the Hexor loiigus digitoruui,
{./) tlie llexor loncais

haUueis, and (Z-) the tibialis posticus. 3. Vessels-(a) The 4-.
saphenous vein, {h) the short saphenous veia:, (.) the anterior tibial
vesse s, yingon the interosseous membrane; {d) the posterior tibial

?1'oSh^"° n/'Vl'''^'''
^^"'""-^^ ^'^^^ the .peroneal vessels

(about the mrddle of the leg these will be found in the substance
*

,
'""S''' ^"g^^^' tbey will be found lyhi.^

on the tibialis posticus). 4. Nerves-(«) The short saphenous or
the bmnches going to form it, (h) the anterior tibial nerve, (.) the

nextr% rr^' M/^^^ P^^'^^^^^ - nmsculo-cutLeous
nei.e.

0. I he tibia and fibula. 6. The interosseous membrane.

THE KNEE JOINT.
Amputation at the Knee Joint Proper (leaving the Condyles).-This IS an amputation but rarely performed, although of recent

r;:.; ^'^.^Z-^T--^,
^eing spedaHy advocated b; Mr

of IheLJ ^ '° on account
0 the large size of the lower end of the femur. In the case (1) of

C l^- o^^^
^^^^ —ions

1 neeW f
'"'"''""^^ amputation at the

rJh 1
5' ^'T «f it i« necessary thatth artic ar surfaces of the condyles and patella should be healthy

bTxc7ku^ sf : f ^^^^^^-^ - --Pleted, use a fine-bladed

mav bp nn..o^i
'•'^7°'' *° proceeding is that the cancelli

For' tWs rcl, r ''^ osteo-phlebitis and py.mia.

left ,1 r r ;
^^'"^ ''^*^^^g^« ^^^Ithy they should be

em v:Sn th' fT^ ^^^^ ^^^^^^^

in he ei^^^^^^^
be removed from the oth°er:

for Z \ ^ I ,

""^^'^ integuments are uniniured

^am;tS b: r f ^^'^"^ ^"^^ ^^"^^"^

"

iUs b t er r ^""^ ^'^-'^^'^ ^^^^
'

f elect on It m^ 1
' ^^''-^^ifi^d circular" at the old seat

amhelulv , 1 1

"^''''^'''^ '''' f^^-^' Jointiicaltliy, and lu guu-shot wound uf the same bono.

s
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1 By Long Anterior and Short Posterior Flap.-This is tlie

method usually preferred. The patient is brought well down on

the table, so that the knee projects beyond it, while his other leg

is secured to a leg of the operating table. One assistant holds

the leg in an extended position while the anterior flap is fashioned,

another supports the thigh and pulls back the skin. The guides

for the anterior flap are the lower and back part of each cond3' e,

and a point an inch or more below the tubercle of the tibia. The

flap should be broad and somewhat square-shaped, with its lower

ancles well rounded, and must be at least five inches long. It will

bc^convenient for the Surgeon to stand on the right side of the

limb to be amputated, so that ho may himself raise up the larg(3

anterior flap with his left hand; he should be provided with a

short, broad-bladcd, amputating knife. The anterior flap is then

marked out in the manner indicated, the ligamentum patelkr

divided, and the integument, with the patella and capsule, are

dissected up in front of the joint ; in this way the articulation is

opened. One assistant now flexes the knee joint, and another

supports the thigh, while the operator divides the latera and

crucial ligaments, and passes the knife straight backwards betweeii^

the bones, turns it down behind the tibia, and cuts a posterior flap

fullY one-half the length of the anterior. This flap may be made

by cutting from behind forwards, instead of from before backwards.

Til both cases the knife must be made to enter or leave the tissues

abruptly, so as to keep the end of the flap squarish and divide the

l,opliteal artery transversely. The flap must not be made any .Ao.^v

than the length given, as it shows a considerable tendency to retracL

The treatment of the patella is a disputed point. On the who e, I

think, Surgeons are inclined to leave it, as it hUs up the hoUo.M

between^ the condyles, to which it may or may not become

aukylosed; in any case, it protects the end of the stump, and tIk

position of its bursa makes it useful in supporting_ the patient >

weic^ht. The only objection to this is that it is occasionally dra^vn

up in front of the thigh by the quadriceps extensor cruris
;
tins

may be prevented cither by cutting the tendinous insertion of tk

muscle i^ito the patella, or by " wiring the patella to the cond h

by silver wire or strong catgut. If the patella is to be removed

ly cither be done during the formation of the anterior Hap, 1

this

at

ii
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dissecting it off aud cutting above it wlien opening tlie joint or itmay be dissected out after the flap is raised; but by removing itthe bursa IS lost, and the flap is so thinned that it is apt to perishby sloughnig. A most important part of the after treatment is the
proper drainage of the wound, as in all cases where large synovial
pouches are opened.

_

This is best accomplished by the introduc-
tion of two long drainage tubes, inserted into the extreme upper
corners of the pouches and their ends brought out at the two anglesof the wound Ihey must not be interfered with till the third

ifrelZ f°r'"
°" '^^'^'^^^ during

pkc them
;
they must simply be withdraM.i half-an-inch or so

c t each dressing, and the projecting piece cut off, as the wound
cals. An objection to this method is the very long anterior skin

^^i:^I7r^ T''''
" -"P-d-thlnputation at

fla h? I r ^
""^'^^^'^"^ -'^^^-^ the skin

at the lme is that there is no sawn bone surface, which is a n-reat

TtrJIjr'
chance the wound were to bicome septil

°

- Short Anterior and Long Posterior Flap.-The L is held

nuule f,„:„ the We. and baet^JJTI^^::^
otJicr CO K vie. Tl„s flaj, „ then dissected up, the knee tiex-ed

11 f ,;
'""^ 'i«»me„ts are next divided thebones Mly separated by dividing the posterior li.a,nenr; d Z

assistant must flev Mr, ° 1""'™"' «»P
knife is fat ; heUnd i '.t' M " '""^

«.ul the e?exte"^, :
* " '° well upwards

llicii l.roii,.lil .il,r„„fl
"""^ Jislimee.anil

«UUare U « ^ 7 T,'" "»1'
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3 By Lateral Skin Flaps (Stki-ukn bMixa, Xew Vuik).--TNvu

convex lateral incisions are made from a point on the an enur

cd^^e of tbc tibia, one ineh below the tubercle, and earned do^^ m

™ls and backwards, round the- two sides respectively, over be

,nost prominent part of the side of the leg, and are then cUrected

upwards, reaching the median line posteriorly at a point opposite

theiv commencement. In-om this a single sti.igh incision .

carried directly upwards to the centre of the Pf^^-^^P-
;.J _

aaps are then raised, the ligamentum patelhe divided, '^-^^^^^^

tion performed, and the limb removed The pate la is lef ain^

the internal flap is rather larger than the extmial It ill be

observed that this somewhat resembles the " oval method ot

mputation, with the muscles divided obliauely to.^rds the boi..

The flaps here form two lateral hoods, one ov^r each condy e th

^ ve ^thus provided is good, and the drainage is free behind

\Tor in..- to Mr Bin'ANT, the advantages of this amputation o^ c.,

tpin through the thigh are--(l) Less shock; (2) less section

o
'

sts^^^^ the muscular interspaces of thigh are not opened

u, 3 f^mur is not cut, and, therefore, the risk is much less

T)\he^tump is mobile, because the attachments of the -cle^
|^ '

1 . .,,,,1 n vpvv useful stump is leit. iius

the thi"h are preserved and (0) a veij ubtsiui. o
^ , . ,

r Two straight lateral incisions were made from a point a

posterior ,
the Haps wer

articulation, the

The result was e^eUent, a

nrost useful and beautiful stump
^.^f

^^^S'
,,3 divided are

In amputation at the knee 30m
1,,,,,

1. The integumentary c^^^^^^^^^^^^

.
)T :dLti:U-s, (c) the

of the rpiadriceps extensor ^^^^^ '
. . .

^i.c gastrocnemius
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articular brandies, (i) branches of tlae anastomotica magna of tlie
femoral, (c) long and short saphena veins, and {d) the popliteal
vein. i. Nerves— («) The internal popliteal with its ramvR
rommunii-.am tibialis, (h) the external popliteal with its ram7is
i-ommunieans fihtlaris, (c) cutaneons nerves of this neighbourhood,
and {<!) branches of the obturator nerve supplying the°knee joiht.'

The ligaments of the knee joint.

AMPUTATION THROUGH THE CONDYLES.
This is often spoken of as amputation at the knee joint, and

is more frequently performed than that operation.

1. Garden's Amputation (slighthj modified is analogous
to Syme's amputation at the ankle joint, and was introduced byMr Garden in the year 1864. The guides are the two condyloid
emmences of the femur, towards their posterior part, and wliich
correspond to the broadest part of the articular end, and the
tubercle of the tibia. CardexX himself simply made an anterior

Fig. 56.

Garden's Amputation.

The oi-igiiial fomi.

The present form with Posterior Flap.

"flap removing the patella, and cut through everything on the
posterior aspect straight out at the base of the anterior flap, notmak,ng a posterior flap at all (Fig. .56). Other operators, however,have found that without a posterior flap the covering is frenuenti;
insufficient especially in cases where the leg has been fixed n tl e

-hrough the knee joint, and an assistant Jiolds the hmb \vitli the

lap han when it is flexed to a right angle at once. The Surgeontands on the nght side of the limb, and places Jiis finger and
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thumL on the two condyloid eminences of the femur, and, there-

fore, nearer the posterior part of their lateral aspect than the

anterior. He then marks out a long anterior flap, reaching as

low as the tubercle of the tibia—the knife being entered belund,

and close to his finger, and brought round to a point, close to

and behind his thumb, or vice versa, according to the limb. The

flap should be broad, and its edges at first straight, and its lower

angles well rounded. It is then dissected up, with or without the

patella • if without, when the dissection has proceeded as far as

the centre of that bone the assistant forcibly flexes the knee to a

ri-ht angle; this pulls the patella down, and then the operator

cuts into the joint by a semi-circular sweep of the knife above the

upper edge of the pateUa and immediately above tlie condyle..

Fig. 57.

The Stump after Garden's Amputation.

(Original Form.

J

When the soft parts are much thickened and ma ted by disea

th patella may be turned up with tlie flap and dissected ou

Sterwls. The lateral, crucial, and posterior hgaments are nex

cWed the knife passed behind the femur, and a posterior flap

Xfrom within outlvards nearly equal in leugth to the anterior ;

r s beTter to make it pretty long, because it contains tl- l--si™^

tendons and will retract considerably. Mr Bell makes a skm

TXonrl inch and a half long, allows it to retract, and then

fu^I^ the muscles by a cii-cular cut ^o- to the bone^^^^^^^^^^

level of the retracted skin. Both flaps are then retracted the bon

•ilia ed to the highest point of the articular surface, and then sa-

hrough at the^broadest part of the condyles or ^'e^^

n.lrlnrtor tubercle;" the saw must be applied parallel with tlie

J^l^^ of Ihe femur, and not at right angles to the long.
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axis of the bone, and to avoid injurious pressure on the anterior
flap, the sharp anterior edge of the condyles may be rounded off
by a uarro\y-bladed and fine-toothed Butcher's saw. It is not
necessary to adhere strictly to the order of the operation as above
described

;
the anterior flap may be cut and raised, the knee

joint examined if the Surgeon is undecided between excision and
amputation, the bone sawn as in excision, and then, should
amputation be deemed necessary, the posterior flap of skin is
marked out, allowed to retract, and then the muscles and vessels
divided last of all. By this plan the patella is raised with the
anterior flap, and will require to be dissected out before completing
the operation. In performing this amputation, m Heath at once
flexes the knee to a right angle, makes the first incision and reflects
the anterior flap, then transfixes tlie limb behind the condyles, and
forms the posterior flap.

_

As compared with amputation through the lower third of the
thigh. Garden's amputation has the foHowing advantages-—
1. It is less serious because further from the trunk, and there is
therefore less shock, etc. 2. The parts cHvided are not vascular
and there is, therefore, less risk of hemorrhage. 3. The tendency
to protrusion of the bone is less, because of the ample coverings
and less tendency to necrosis, osteo-myeHtis, osteo-phlebitis, and
pyemia, as the medullary canal is not opened. 4. A longer stump
and therefore greater command over the artificial limb. 5 The end
of the stump is well adapted for bearing pressure, being of ^reat
breadth; and, further, because the skin forming it is accustomed
to bear pressure, and the cicatrix is situated behind. 6 In cases
of doubt as to whether amputation or excision is the proper mode
of procedure the anterior flap can be raised, the joint examined,
and the further proceedings decided; for, just as at the shoulder, it
IS very easily transformed into an amputation.

EESUME of Garden's amputation:—

1. Assistant to hold the limb slightly flexed-probably
already so by disease.

i^. Operator stands on the right side and defines bony
guides—tuberosities of the femur, at their upper and
posterior part, and the tubercle of tlio tibia,
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3. AVifch these points in view, shcape the anterior flap; it

should be square-shaped with the angles rounded off,

the hase being on a level with the femoral tuberosities,

and the apex almost on a level with the tubercle of

the tibia.

4. Reflect this flap to the centre of the patella, then flex

the Icnee forcibly, and let the knife sink into the

tissues above the patella, doM'n to the femur,

n. Reflect the soft parts to the level of the adductor

tubercle, and divide the lateral and crucial ligaments.

G. Pass the knife behind the femur, again extend the limb,

and cut a posterior flap from within outwards about

half the length of the anterior.

7. Clear the femur, and divide it through the condyles,

just below the adductor tubercle.

2. Gritti's Amputation (sUglithj modified).—This to a certain

extent resembles very closely Garden's amputation. AVe have the

same guides for the anterior flap, Avliich is dissected up tinili the

patella. The operation is finished as in Carren, the articular

surface of the patella is sawn ofi', and tlie denuded surface liangs

over the end of the femur. The femur is divided about one-third

(if an inch liigher up than in Garden, to insure that the patella

wilThang flatly over it and not tilt. The point of division is just

above the "adductor tubercle." It has been advised, just as in

amputation at the knee joint proper, to divide the tendon of the

quadriceps extensor cruris, or "wire" the bones to keep it from

tilting. This amputation, therefore, has the same relation to

Garden's as Pirogoff's has to Syme's amputation at the ankle

joint. Its great advantage is that the bursa patellaj is retained,

upon which the patient can bear a great part of his Aveight; there

is probably also less risk of sloughing of the anterior flap. An

alleged disadvantage is that, tlie femvn- being divided higher up,

the medullary canal is more apt to be opened, and the patient

therefore runs more risk of osteo -myelitis and its consequences,

as section through the medullary canal is more risky than section

through the spongy tissue, and this again is more risky than where

tlie end of the bone is covered with cartilage, as amputation at the

knee joint, Further, for the same reason, the end of tlie stump is
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not quite so broad as in Cai.dkx. In denuding the patella of itscaitilage, an assistant must at first grasp it transversely ^vith a lionfoiceps and hold it vertically down upon the femur till the sawhas made a groove for itself. After that he changes the directionof the forceps and grasps the patella vertically, but only takin.^ avery narrow bite so that the teeth of the saw may not come intocontact w.th the lower blade; or the operator himself miy d th
i ap and patella with his left hand and saw vertically downwards.Ano her p an is to lay the flap and patella into the palm of the left

ttl . r ""f"
''''' ^"""^ ^""S first covered with a towel.

Stokes s Supra-Condyloid Amputation of the thigh differs from

ghei up. Stokes divides the femur at least half-an-inch abovethe upper edge of the trochlear surface, whereas Gritti sawthrough the condyles just above the "adductor tubercle," buT"both cases the patella is denuded of its cartilage and ai plied othe cut surface of the femur.
cippned xo

Lister's Modification of Garden (afona of " nrodim cWcM^

)

-He suggested this method to lessen the risk of sloughin. of tlie

fs not t T '""""S the covering, and therefore

mi.h bo ?• °" " '"^''^ ^"-^ - and hence

L dlow n^"^^^^^^^^^
^^J""'^- '"^'-^'^n^ advises are

tL ithH- Surgeon stands onthe light side and cuts almost transversely across the front of theS 'r:?^'
'"^-^^ «^ the tiL:

foX five d V -""'^^^ ^-^^^ a-gle of

n elevated and the posterior flap dissected up, and the rin:

W:Cr^^^^^^ —- ^^viding th:

;^-^erofLp2rtpos:^-^
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CHAPTER XVII.

AMPUTATIONS OF THE LOWER EXTREMITY

(Continued).

The Thigh.—In all amputations tlirougli the thigli the amount

of iiap length allowed should never he less than twice the diameter

of the limb at the point where the bone is sawn, and, if possible,

the anterior flap should be longer than the postei-ior.

THE LOWER THIRD.

1 Spence's Method (1856), by long anterior flap (see page 186).

-An assistant, seated in front of the patient on a low stool,

holds the Hmb firmly below the knee, so that the thigh shall be

horizontal and projecting from the buttock over the edge of the

table: another assistant takes his place opposite the Surgeon.

Tlie Surgeon stands on the right side of the limb to
^-^f^

tatcd m Spence, however, directs him to stand on the leit

side so as to command the bono whilst he is sawing. He

then measures, with his eye, the breadth of one-half the circum-

ference of the thigh, and inserts his knife into the side of the

limb furthest from himself, well towards the posterior part, and

about three inches nearer the trunk than the patella, carries the

incision downwards to a pohit on a level with or below the lower

edce of the patella, sweeps across the front of the knee with n

aentle curve, and then straight upwards, and ends at a pom

exactly opposite to that at which he commenced,

tandiL opposite him, retracting the skin and fascia al the while.

Tlie leg is still kept in the extended position, and the Surgeon

dissects up the flap from off the l-^ella, taking c.. not to

iHittoivhole it, and, on reaching the upper border that bone

l,c cuts deeply and obliquely upwards, so as to take up th.
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muscular tissue as well, towards the base of the flap; the flanshould be nearly as broad at its apex as at its base and is
first composed of skin and fascia only. He next shapes npostenor flap, beginning three inches Low the base of thanterior flap, making a convex incision through tlie intemTment.

bet.: r
^'"'^"^^ ^^'^k the skin for about an inchbef r dividing the muscles. The leg assistant now elevates th

nd thW "f, P-ts genttand the bone is cleared by a couple of sweeps wit i the knife
higher up than the base of the flaps, immediately aWthe condyles. By elevating the thigh, the bone is pr'^,jected

Fig. 58.

Spence's Amputation.

Point where the Bone is divided.

-Its present fonu.

The original Posterior Ineision! k-ofes.or Spkn-c.'s later Posterior
Incision.

sawing, It ^iii be found to be deeply buried amon.^ the soft

TcrarVTs tit "T''- '''' "^orenecessary is this precaution, as the deep layer of the periosteumIS more cellular and therefore less adherent in the .^i ft an

in Zfl^;^^^^^ "^S^'^
— form pai/of'theantenor flap, the other vessels requiring ligature are the terminal
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branch ef? of tlio profunda among the adductors, the descending

branches of the external circumflex, the comes nervi ischiadici

beside the great sciatic nerve, and probably branches of tho

anastomotica magna.

RESUME of Spence's amputation:

—

1 . ]\Ieasure with the eye the half cu-cumference of the limb.

2. Eecognise the guides to the operation— a point just above

tlie femoral tuberosities ("condyles") for the bases of

the flaps, and lower margin of patella for its apex.

3. Sweep the knife through these points, forming a broad,

square-shaped flap, with well-rounded angles.

4. Dissect up this flap from off the patella and front of the

knee joint ; at the upper edge of the patella cut deeply

and obliquely towards the femur,

n. Apply the edge of the knife to the skin on the posterior

aspect, about three inches below the base of the anterior

flap, forming a convex flap, and then divide the tissues

obliquely to the bone.

G. Retract the soft parts, clear and saw the femur a little

Avay above the condyles.

Teale's Amputation (185C.).—This is performed according to

the rules given elsewhere. INIeasure tlie circumference of the hmb

at tho point where the bono is to be divided, and then mark

out the long flap, making its length and breadtli each equal to

one-half of the circumference of the limb. Trace out the inner

longitudinal line first, making it as near as possible to the femoral

vessels, without including them in the anterior flap. If the

tissues are healthy, the anterior flap may be taken from the front

of the Icnee joint and patella. The posterior flap is next marked

out, and its length is to be one-fourth that of the anterior. The

latei'al incisions are first made, and must only go through tlie

inte-^umentarv structures. The anterior flap will probably at first

only consist of skin and fascia, but above tlie upper border ot

the patella it must include everything down to the thigh bono.

The posterior flap is made by a single sweep of the knite down

to the bone through muscles, vessels, and nerves. The bone is

1,hen cleared and sawn close to the base of the flaps,
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!• The Circular or Modified Circular may also bo used lu
tUo modittod circular two equal anterior and posterior semi-lunar
I aps of skin are cut according to the method explained elsewhere;
they are then retracted to a distance equal to half the diameter of
the hmb, and the muscles divided obliquely down to the bone by a
circular sweep of the knife. On account of the unequal retraction,
tlie posterior muscles must be cut much lower than the anterior
All the tissues are then retracted, the bone cleared and sawn.

i. By Lateral Flaps (Vermale).—He introduced this method
because the muscles in this part of the limb are chiefly lateral, the
central parts m front and behind being tendinous, and, therefore.
It anterior and posterior Haps were used they would be thin and
tendinous m the middle. Lateral flaps are not so, but have the
disadvantages~(l) Of leaving the cicatrix over the end of the
hone; (2) they arc ditHcult to keep in position; (3) the bone tends
to be tdted forwards by the psoas and iliacus, and projects at the
anterior angle of the flaps; just as the deltoid tilts the humerusm amputation through the middle of that bone by anterior and
posterior flaps. It has one advantage, however, namely, that it
provides a free exit for discharges during the process of healiur,.
1 he hmb IS held as described under Spence's amputation, and
the .Surgeon m all cases stands on the outer side of the limb and
the outer flap is always to be made first, as it contains no vessels
of consequence. The Surgeon grasps the soft parts on the outer
side with his left hand, and draws them outwards, enters the
point of the knife perpendicularly in the middle of the thi-h
about three inches above the upper border of the patella, thrults
It ,lownwards, passing closely round the bone, and brings it out
ui the centre of the ham; the flap is then cut downwards and
outwards. The knife is again entered at the upper angle of themcsion carried closely round the inner side of the bone, takin'
care uot to transfix the femoral artery, and brought out through
the lower angle of the first incision, and a flap cut equal in length

he bone cleared, and the saw applied about four inches above the

^""'^^^ udvantageoua to use the lateral llapmethod
;
m other case.., however, it ought to be avoided.
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5. Lister's Method—See under "Amputation of Middle and

Upper Tliirds of Thigli" for description.

6. Skin Flaps—This is hardly a separate method, but should be

adopted in cases of malignant disease. The flaps should, if possible,

be anterior and posterior, and are to be made by dissection, and

the other tissues divided circularly above the diseased part. The

posterior flap should be raised first, otherwise the bleeding from

the anterior will embarrass the operator.

The method of amputation by double transfixion is not usually

adopted in the lower third of the thigh. The muscular flaps—

the necessary result of this method—tend to retract too much

and lead to protrusion of the bone 3 the posterior one especially

retracts, as the hamstrings are cut so far from their origin, and

leave a gapiug wound to heal by granulation. This is specially

manifested when the limb is flexed—the position of greatest

comfort to the patient.

For the Structures divided sec next set of amputations.

THE MIDDLE AND UPPER THIRDS.

Fur the dilferent methods of restraining haemorrhage in ampu-

tatioiis through the uioiwr part of the thigh, see " Amputations at

the Hip Joint." In amputating in these situations we must save

as much as possible, for it is of more importance to preserve the

life of our patient than to secure an artistic stump, and statistics

show that every inch nearer the trunk increases the mortality.

In all probability therefore the best method is the

—

1. Modified Circular.—By this method we can secure the

longest possible stump out of the structures at our disposal.

The operator stands on the right side of the limb, and three

assistants are required—one seated in front of the patient, to

support the limb below the seat of amputation, a second to

support the thigh and retract the integument, and a third to

command the femoral artery. The patient is brought weU

down towards the end of the table, and his other leg is

sccui-ed to a leg of the operating table by a clove hitch. The

two short skin flaps may be taken from the most convenient

position; if it is a matter of choice, then make them anterior

and posterior. Kctract the flaps of skin and divide the muscles,
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taking care that the posterior ones are divided at a loM-er level
than the anterior. Ifext retract all tlie tissues and saw the
bone higher np. Lateral flaps are not good in the thigh as the
bone tends to project at the upper angle between the flaps
In wasted and almost cylindrical limbs the ordinary circular or
triple incision," may be adopted.

'

In the Circular Method the operator stands on the outer side
of the limb. One assistant supports the limb horizontally, while
another encircles the limb with both hands above the seat of the
auiputation, and retracts the integuments

; and, in the living body
a third must compress the femoral artery against the brim of tlie
pelvis

_

In all cases of thigh amputations, the patient is laid
upon his back, witlx his buttocks close to the edge of the table,
the leg to be amputated projecting horizontally from it, and the
other secured to a log of the table.

2. Double Flaps by Transfix ion.-The anterior flap must be
equal in length to two-thirds of the diameter of the limb at the
point of section of the bone; the posterior, half that len-th The
position ot the patient and the assistants required are°th; sameas in the previous operation, and the Surgeon stands, most con-
venientl3, on the right side of tlie limb. The assistant, standin-,-

pait of the thigli to be amputated, so as to press up the soft parts

o^itenor stiaictures with his left hand and transfixes the limb anmch and a half below the point where the bone is to be sawnpasses the knife close in front of the bone and femoral .Zy(below the middle of the thigh), so as to give a broad fl^p .snearly as possible equal to half the diameter of the "mb 't1

transfixion, lest the heel cross-cut the tissues at the anc^le andthe postenor flap cut from the back of the thigh. The ^ssi'st'nt

the'C of the fl
' ?

'-^^ ^"^^^ '^-^ ^ ^^^^

must I 1 *X ^1^0 ^^nea aspcra

mu the cl 1

^-.^^^^ -Kl small bone, and the femur

tl" s.nv lu-st entered well on the dorsal aspect of tlie bone,
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and tlicu brought nearly vertical, so as to divide the Unm a^ijam

early. The assistant must at tlie same time support the leg evenly,

so as neither to lock the saw nor snap and splinter the hone and to

secure this the assistant should he directed to maU genile tradwn

in the long axis of the hone being divided. After the bone is

divided the assistant holding the thigh must avoid retracting the

iiaps any more lest the periosteum be stripped off the bone.
_

The Anterior Flap may be raised by dissection, the first inch

or so consisting only of the integuments, and its base an inch •

lower than the point where the bone is to be sawn. This flap is

then retracted by the assistant and the Surgeon passes the knife

beneath the bone, places his left hand under the muscidar mass

and cuts the posterior ilap ; tlie knife is carried down parallel to

the bone for some distance and then brought sharply out. llic

bone is then cleared for an inch liigher up, and sawn.

As re-ards the vessels divided-(l) The femoral vessels at

any point below the middle of the thigh will be found at the

inner side of the posterior flap ; above the middle of the thigh

they wiU be at the inner side of the bone, and at the upper

part they will be in front of the bone. (2) The termination of the

deep femoral, towards the outer aspect of the posterior flap, closf^

to the bone. Besides these (3) the perforating and (4 muscular

branches may also require ligature. The position of the femoral

artery matters but little, provided the operator takes care not to

transfix it, which he is very liable to do about the midd e of the

thigh, but this can be avoided by not going too close to the femur

on the inner side, and leaving the vessels to be divided by the

circular incision (Heath).

.3. Lister's Method.-The limb is held as m previous ampu-

tations of the thigh, and the Surgeon stands on tl^^
^^j^^

of the limb to be amputated, as by so doing he can bette lais^^

the flaps with his left hand. He then makes two straight

n isioLs through the skin and fat, along the lateral aspects of

tL limb parallel with its anterior surface, and each equal in

ngt r to two-thirds of the diameter of the_ Ihnb. At the hnv

ends they are united by a transverse incision curved upward

at its exLmities, where it joins the longitudinal ones In >^

way a square-shaped flap is formed with well-rounded angh.^.
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The knife is then passed round the back of the thigh at an an^^leof forty-five degrees to the axis of the limb, marking out a sho tpos enor sUn flap
; the assistant then elevates the Hmb and thepos enor flap is dissected up at once (Kg. 59). By n^k"' tLposterior flap of skin only there is but danger o/itT tract ntoo inuch, as .t is freed from the hamstring muscles. The anterior

u IT r """^ «f '^-d fascia,but, as the bone is approached, a moderate amount of muscle is

Fig. 59.

Amputation of Hip and Thigh.

...Jordan's Aiiiinitution.
(LisTKR's ModificatioiiJ

LisTRR's Amputation.

about two inclL tw! „ T / "° "''P"^^

flap, lm ':L7t^, '™ P—
hcM ™

, tjr; °' "«= ''"ne : the flaps

over the «va „rfl"'"
""'^ '^^^ the flap, bought

T
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RESUME of Lister's amputation tlirough the middle of the

tliigli

1 Make internal and external lateral incisions, each equal

to two-thirds of the diameter of the limb, from a point

about two inches below the point where the bone is to

be divided.
, . > ^

2 Join the lower ends across the front of the thigh, forming

a square-shaped flap with weU-rounded angles

3 Shape the posterior flap, making it fully half the length

of the anterior, cutting at an angle of forty-five degrees

to the axis of the limb.
_ .

4 Eaise both flaps to the upper limit of lateral incisions

5 Then retract all the tissues for fully an inch, clear the

femur, and saw it. After the periosteum has been

divided, do not pull back the flaps any more
;
and m

sawin- the bone direct the assistant to make gentle

traction in the axis of the limb, to avoid sphntering.

Fig. 60.

Section through the Thigh.

Anterior Crural Nerve.

\ Femoral and Profunda Vessels.

External Cutaneous Nerve.

Great Sciatic Nerve and VesselBi
[[Small Sciatic Nerve.

TU mracs of tU Muscles arc indicated hj their iM letters.
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In amputations througli the thigh, the following Structures
are divided, speaking generally (Fig. 60):-l. The integumentary
co^^rmgs. 2 Muscles-(a) The quadriceps extensor cruris, Ih) the
sartonus,

(«) the adductor longus, {d) the adductor ma^nus
(e) the gracilis, and (/) the hamstrings. 3. Vessels-(«)°TJie
femoral_ vessels (about this point these will be found at the
inner side of the posterior flap); (V) the profunda vessels with
the perforating branches (these will also be found in the
posterior flap, close to the posterior surface of the femur) •

fc) theong saphenous vein, and branches of the external circuniflkVand
{d) the comes nervi ischiadici. The position of the femoral will

out, the vessel as it passes down the thigh gradually inclines fromhe anterior to the posterior aspect of the bone, so that it maybe found at some parts in the inner side of the anterior flap

//\ t^Tr^!^ ^''""^ ^""^ '"^^^ l^^anches ofl

M ?! r'T' 1'^ (^0 the small sciatic, and
(«) the external cutaneous. 5. The femur.

AMPUTATION AT THE HIP JOINT.
As haemorrhage is one of the most serious dangers of thisoperation, vaijons measures are employed, or have been sugges edto overcome this danger :

ob'^^fLu,

w.s''thJt?. T 1?''*'' Tourniquet.-Previously this

oat
'Adopted, but, as Listbb himself pointsoat ,t has two defects-1. On account of the occasional dev'aon of the arota from its median, or almost median, position theadjustment of the pad, and its retention when adjustedfis rende ed

and nervous TlTl , ''P''^^"^ inexperiencedm nervous, is apt to screw down the pad too tightly and dama-ethe intestines and peritoneum • n snff Liu, V
aamage

the md will ir^n ,
^ soft hollow sponge placed under

o?Th ulil
a little above and to the left

lellt Cn^^'' " " ' '^'^^ the left and

iS 0 sts
' " ' ^^^-^^ highest points of the
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2 Esmarch's Elastic Tourniquet, applied to the Aorta.—

A pad of sufficient size is adapted over the aorta, a httle above

the hi-hest points of tlie iliac crests, and pressed down by elastic

bands" To avoid circular compression of the body, a narrow

piece 'of board, or some such contrivance, is placed transversely

beneath the back and made to project beyond the sides of

the body ; lateral notches are made in it, or hooks are attached

to it at a sufficient distance to protect the sides from com-

pression, and at the same time to serve to fix the elastic bands.

EsMARCH himself recommends, in absence of any other instru-

ment, the following plan :-A common roller bandage about wo

and a half inches wide and eight yards long, is to_ be rolled

round a stick about the thickness of the thumb, and nine inches

loner The pad thus formed is held in proper position by the

emfs of the stick, while several turns of elastic bandage are passed

round the body, so as to press it forcibly apinst the ^P^ne-

assistant keeps the pad in proper position by means of the stick.

A objection to this plan (and all plans) of elastic compression

is tha should the patient vomit, cough, or struggle, the forcib e

contraction of the abdominal muscles lifts the pad from the arota

and relaxes the compression.
FytrPme

">

3. Esmarch's Elastic Tourniquet, applied to the Ext en e

UDDer Part of the Thigh.-The limb is emptied 0 b ood by

Seal elevation for a few minutes, and then an elastic band

t'w enough to require the whole strength of the Surgeon to

tetcl it t;ice its length, is applied. A pece of anda^e is ffis

Hid upon the middle of the groin m the line of the limb, and a

s^iki piece placed behind, well below the great t.ochan er ove

StL tuL is to be applied. These are to be held by an

Iss stant, who thus prevents the band from slipping downward

: the'llaps during disarticulation; the assistant

not to pull too hard lest he stretch the elastic band and thus lai^e

•t off tL vessel. The scrotum being held aside, the middle of th

tbe is then placed against the perineum, between the anus an

the tuber ischU, and the ends pulled forcibly and crossed as high

!;:::the trochanter as possible and ^^^^^^^^J^
hodv immediately below the ihac crests. If the elast c Dana

allied Wy en'ough, it is not necessary to have a pad over the
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ai-teiy. Tlic frout part of the band passes paraUel with Poupart's
ligament and compresses the artery against the pelvic bone, the
posterior turn runs across the great sciatic notch and compresses
tlie_ vessels passing through it-especially the sciatic and ghiteal
Ihis IS the method chiefly to be recommended in what is known
as Jordan's amputation at tlie hip joint, or its modiiications

4. Davy's Lever.-This is nsed to compress the common iliac
arterj^ as it lies in the groove between the last lumbar vertebraand the psoas muscle. It is a smooth, round, wooden "lever"
shaped like a poker, and about two feet long. Two ounces of oliv'e

tZllTT'T '
'^^""^

P^^^^^^ the rectum
uffi lently far to permit its point to press the vessel at the spot
"mentioned while the other end is carried towards the thigh of heoppos. e s.de and its handle raised, wlien it acts as a lever of the first

T h; tT:. ^ ^--^--^^^^ are necessary

at oAb I
-«t™--t-l. It naust not be used where the

and leil f 7 T "'i
''''' "^^^^^^ P-^^-te them'and lead to a fatal result. 2. In cases where the meso-rectum isabnormally siiort it may be impossible, without unnecessl^Wto compress the artery on the right side

'

is passcl lrn'V^'''"'-~^' ^ sbarp-pointed steel skewer
. pa sod acrpss the upper part of the limb well behind the o.,eat

ofZ r f ' T.? " '''''''''' P'-^^t^ Po^t-^-io^- aspect

IsJl Tit 7\ ' T"^^ ''''''' ^"^^'"^^ ^« 'pPl-d so a to

is tnus completely commanded " (Spence)
6. Digital Compression of the femoral artery as it lies on thelio-pectineal eminence. The assistant stands on th si le oT c

uch of tne limb as possible witli both Jiands, fixing the tips of

t eT;^e: 01 tr^
adductormuscL, td Lt

he u^b a^ f '''f
S-at trochanter, while

o Til 7 ' T ''''''
'''^'^ ---1 as it

po tX ,t I--nncnce of bone. In the antero-

compiT; ,! V 1

'"^^ erasp the flap firmly, so as tocompiess the femoral artery before the knife cuts its way out
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Anterior and Posterior Flaps (lomj anterior and shorter

posterior).-ThB patient must be brought well forwards upon the

end of the table, so that the nates project beyond it, and he is

further to be steadied by strong bandages-one passed between

the sound thigh and the perineum and attached to the upper end

of the table ; another is to be carried across the pelvis to the lower

end, and the sound limb is to be tied to a leg of the table. Three

special assistants are required-No. 1 has to take charge of he

aortic tourniquet ; No. 2 compresses the femoral artery agamst the .

brim of the pelvis, and follows the knife and secures the artery

in the anterior flap; and No. 3 takes charge of the hmb. A

lon<^ amputatiug knife, with a blade at least twelve inches long

is necessary, and it is well to have a pair of lion forceps and

periosteum elevators at hand. The doubtful advantages of this

method are its simplicity, ease, and rapidity of performance, and,

should the patient survive, a shapely stump Formerly rapidi^

of execution was chiefly trusted to, to dimmish the risk of sho k

and loss of blood. In many cases the ^pidity^^YTT^llt on

late Professor Spence states that he has completed disarticulation

i. one case in ten seconds, in another in

^^^^X^LZZ
in complicated cases in less than thirty seconds !

The landma ks

nr peration are the tuUr isolrn and the anterior super^or^^c^ .

spine. In operating upon the ri,M leg the operator ^^-Id stand

on the inner side of the limb ;
while, if operating on the left, he

ouMit to stand on the outer side-i.<3., he always stands on the

Mt 4le of the limb to be removed. On the left side, the knife

en red about two finger -breadths below the anterior supenor

iac % (or almost midday between it and the great trochanter),

;rdredWythroughthelimb,beWthev^^^^^^^^^

across the joint, opening the capsule if possible^
^'^^^^t ^dnt

of the ],niie parallel with Ponpart^s Ugament, and bring its point,

out ust in front of the tuberosity of the ischium, or immediately

;l ; a the patient lies on the operating table) the ridge farmed

bv L proiecLg edge of the adductor longus, taking care not

: trtsrthe scrotum, or the oppo^te
^^i^J. f

The knife should be passed close to the head of the ^^^^^'J^
its edcre turned obliquely towards the joint; this will gieatly

lacil tat division of tie capsule during the first transfixion. If
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the right leg is to be removed, the point of the knife must be
entered where it comes out on the left side; that is, it must be
entered just above the tuberosity of the ischium, and brought outmidway between the anterior superior iliac spine and the o-reat
trochanter. The remaining steps of the operation are the same
as on the left side. Everything being ready, the assistant who
has charge of the leg, flexe, it sliglitly on the abdomen, and at
fMe same time abducts it a little and rotates U sliglMy inwards.
Ihe knife is then entered as already explained, and the anterior
flap cut downwards and forwards for about six or eight inches
taking care to keep the flap broad at the point by carrying the
kmfe_ close to the bone for a considerable distance, and then
bringing it out abruptly at the last; the assistant must on no
account extend the limb till the flap is completely cut, and,
further, the assistant who has charge of the anterior flap with
the femora artery, must not raise the flap at all nor compress it
laterally till the knife has cut its way out. Make the anterior
flap as broad as possible; to facilitate this, place the palm of the
left hand below the limb and gently raise up the great muscular

^77°" T"""" ^""^ ^^'^ assistant nowjto^Mj abducts, extends, and rotates the limb outwards, while
the Surgeon opens the capsule of the joint with the point of the
knife and allows the head to spring out of the cotyloid cavityand then divides the ligccmentum teres. The assistant nexi
allows the leg to hang downwards, so as to bring the head ofthe femur away from the cavity and put the posterior part of the
capsule on the stretch, which the Surgeon also divides with the
point of his knife. The assistant again places the limb in the
extended ^osUton, in a line with the body, and rotates it well
inwccrds, so that the great trochanter shall not arrest the knifeIhe operator then makes the posterior flap by carrying the knifedownwards and backwards, forming a flap about four inches in
length, or about half the length of the anterior. The arteriesm the posterior flap (gluteal and sciatic) often bleed freely and
should be at once compressed by a dry flat sponge and tied first,
provided the assistant who has charge of the femoral artery has
a good hold and is trustworthy. Mr Heath advises the operator
to stand on the outer side of the limb in all cases. His objections
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to transfixing tlie rigid leg from the inner side are—(1) The

danger of pushing the knife through the obturator foramen into

the pelvis
; (2) the operator is very much in the way of the

assistant who manipulates the limb ; and (3) the chances of being

bespattered with blood, and the certainty of intercepting the vieAV

of bystanders.

Single Anterior Flap.—A single anterior flap is cut as in the

last operation, eight or ten inches long; the absence of a posterior

flap favours drainage. The different positions and manipulations

are exactly the same as in the previous operation, only the knife is

carried straight backwards without making a posterior flap.

Lateral Flaps.— The external flap is raised by dissection;

the internal is cut by transfixion. The angles where the flap.s

meet are—In front, the centre of the groin, just external to tlie

femoral vesseis; hahind, just in front of the tuberosity of the

ischium. Before making the flaps the skin should be pulled well

upwards, and they should be about three inches in length or

more, the external one reaching to a point about a hand's-breadth

below the great trochanter. The external one is then dissected

upwards to the level of the upper border of tlie great trochanter,

when the bone is disarticulated and the knife inserted into the

anterior angle, passed backwards close to the inner side of the

neck of the femur, and brought out at the posterior angle, and

a flap, equal in length to the external, formed. The vertical

incision favours drainage, but it also favours inoculation of the

discharges and wound with germs from the genital and anal

passages. Another advantage is that the vessels are cut last—

the external flap being raised, and the head of the bone dis

articulated before the inner flap is made. In. disarticulating,

forcibly adduct the limb. The position of tlie limb during the

operation resembles the antero- posterior flap method, the leg

being held with the buttocks projecting beyond the edge of the

table, and the slight difi'erences in the manipulations will readdy

suggest themselves. For the inner flap a transfixion knife, with

a blade a foot long, is employed ; for the external, a shorter one

may be used.
_ r.

• •
+

Skin Flaps.—As in other cases of malignant disease oi joints,

this method may also be adopted at the hip. ^lake the skin flap
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ai the hip jomt has been revolutionised. The cl,v.i nf tl,„ „i i

classical ilap methods are numbered Rut i„ 7i
^ f ^

Jise.se. ,vith in(Ut,.tion ofT Iffpart jo '

t"''
'"f'S"""'

r - ^^^^^^

itI i°o:r.f°t x "^rf

"

blood-vessels are .t„.ii 7T 7 textures, and where the

r:ron:Err-

"ft pnrtr and r ''"'P™^ tt<^ Aafl from the

-oiCto ;t LlTtie't::!^^^^^ tir?, '7
divide the soft T.«vt« . , ,

^^'^^^.^^^^ Probably the best way is

ti.e vessel turn the n f .
'^""'^^'^ tie all

'he head and upp p^.tfo
^^'^^^ '^^^^—

v ertical inciln on thf °f
'''''''' ^^^-"8^^

'Hvision of tl Lb ist r
°' '^^'^ -^-^1-

'-ire
; for 3t

"""^ ^ *--fi-on

1-J.nife used in si t : "^r^" ^"^'^ ^--^ing
\ probe-pointed knS is sn '^r

""""' '^''^""^^ ^-^^---t°

•rovided'roperat r ko n .t"'? '^"'^^^ nnneeessary,

I

n this case the ? ^^"^^^ to the bone

ho edge oTthe : H f T"*""
'^""'^^

J^o patient n.oviW^^^^^^^^^^^^^^^
prevent'ovin, dunng the progress of the operation, he should
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be laid on the sound side and maintaiiied in that position froin the

very beginning of the operation; the Surgeon will be able readily

enough to perform the circular amputation in that position. Another

assistant pulls the integuments well upwards, while tl^e Surge n

encircles the Hmb by one sweep of the knife through skm

and fascia; the sldn and fat are then d-sected upwards a littte

way, and the muscles divided by another circular sweep of he

kn5e down to the bone, which is sawn on a level mus le.

Some divide the skin and muscles at the same lejel, but it is

better, I think, at any rate in muscular Hmbs, to retrac the sk n

and s;bcutaneous fat a short distance first. A neater stump wdl

be obtained by shaping the skin incisions m the form of wo slightly

convex flaps. It will be observed, therefore that

^"^^^^^l^^^^^
is a combination of the flap and circular methods. All t^^^jessds

are then secured, and the bone disarticulated and dissected out

+1irnno-h the vertical incision. •

After the limb has been removed by the circular ampu^^atmn

the bone is held by a lion forceps fixed in tlie medullary c^^y

and the muscles about the great trochanter divided,

and then in front, and the capsule, especially the strong anterior

Tart opened, anl thereafter air admitted into the acetabu uni

Shi by d V ding the transverse ligament, and the other structur

ftha^neighbo^rhood, or else by forcing the Poi^t of the
^^^^^^^^

iTito the ioint through the cotyloid hgament. By this means ^Ne

let r d of the atmospheric pressure which keeps the bones m

! nta t The muscles attached to the shaft and smaU trochanter

.rf next dMded, and then, by forcible abduct on, he bone

will readily spring from its socket; the Hgamentum teres and

r^y emtLing soft tissues are divided, and the bone removed^

Mnr hese manipulations an assistant must suppor^ the la^g

mrular mass on the inner side of the Uiigh on^^^^^^^^^^^^

with the other as necessary from time to time, he holds the mn

out the structures still attached to the bone. The operator

l::.. the bone, especially in freeing it on^he --^^ ^

-

not to disturb the muscular mass beyond it. Ihe
^^'^^^^^^

should be made towards the posterior part o the t^"^^';^

^
or two reasons-(l) because there the blood-vessels aie least
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numerous and smaUest, and (2) because of more easy access to the
numerous and powerful muscles towards the posterior aspect of
the joint.

As this operation is usually performed for late hip disease, tlie

disarticulation, as a rule, is easy. Sliould, however, any difficulty
be experienced, the bone should be adducted to the greatest pos-
sible extent, and the great trochanter seized with a pair of lion
forceps and dragged forcibly outwards. It will be- observed that
this method of amputating at the hip is, as nearly as possible, the
same as that adopted by Professor Spence at the shoulder.

In the other case the patient is at once turned to the
sound side, and a free vertical incision is made along the
outer side of the thigh from the top of the great trochanter,
SIX inches or more in length. Dislodge the head of the
femur, and then separate the upper part of the shaft from
the soft structures by a few longitudinal strokes of the knife
the edge of which must be kept close to the bone ; the bone
IS thus cleared as far as may be deemed necessary It is
next replaced in its bed till the soft parts are divided at any
level thought desirable by circular sweeps first through the
skm and then the muscles ; then secure all the bleeding vessels
and closely stitch up the lower part of the wound and inseri; a
drainage tube at the lower and enter angle. It is always advis-
ab e to save the periosteum if possible, so that the muscles may
still retain their attachment, and besides, a central rod of bone
may be produced, which will render the stump firm, and give
the patient some amount of control over an artificial lunb It
must be remembered, however, that in the later stages of hip
disease the periosteal h^moirhage may be free and difiicult to
check.

Sir Joseph Lister makes a longitudinal incision about eight
inches long at the posterior part of the great trochanter, and then
makes two crescentic incisions round the limb through skin and

;
fat which meet on the inner side of the lunb at a point an inch
or two lower down than the extremity of the outer longitudinal

I

cut. Ihe semilunar flaps thus marked out are dissected up as in
.

the modified circular operation for two inches or so, after which
!
the muscles are divided where they are exposed (see Fig. 59).
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Tlio advantages of Jordan's method are— 1. The cut surface

is less \ the manner in which the shaft of the femur is separated

from the soft parts only causes a superficial wound on the out-

side of the stump : there are no surfaces as when flaps are formed

(Spence). 2. The large nerves are cut further from the trunk.

3. The shock is immensely diminished. 4. It can he kept aseptic,

as the Avounded surface is further from the rectal and urinary

passages. 5. Union should be more rapid. 6. It may be done

subpeHosteally. 7. There is no need for hurry on account of any

danger from hemorrhage ; there is no deep or large cut surface t,j

furn°ish much hemorrhage. 8. The vessels are cut transversely,

and not oblLiuely as in the flap methods. 9. The stump is

much longer than in the ordinary flap operations, and it is more

easy therefore to fit an artificial limb to it ;
and, should the sub-

periosteal plan be adopted, the stump is firm and the patient will

possess a considerable amount of power over the artificial substitute.

10 In cases of doubt the Surgeon can make the vertical part of the

incision first, examine the joint, and, if too bad for excision, convert

it into a " Jordan," just as in Spence at the shoulder, and Cardex

at the knee joint. The only disadvantage is that it is more diffi-

cult and tedious to perform than the ordinary flap amputation

In ]\Ir Beck's hands the metliod assumes the form ot tiic

oval or "racket-shaped" amputation, which he perforins thus

The patient is placed on his sound side with his hips close to

the edoe of the table; the sound thigh is to be flexed as fiiv

as possible, and secured in that position by two bandages, one

attached to the thigh immediately above the knee with a clove

hitch, the two ends of which are passed round the patients

neck, and under the arm of the same side, and firmly knotted;

this maintains the flexed position and steadies the trunk, i he

other is also passed round the sound thigh and secured to th

leo- of the table, beneath the patient's head, in order to prevent

him slipping down during the operation. Secured t^^^«.

is further steadied by an assistant placed opposite the shouldei.^

,

another assistant has charge of the thigh, winch 1-8--?^ ^^-;:

the knee and holds slightly adducted, and a third, standing

opposite the Surgeou, has to grasp the femoral artery by thnistmg

h hand into the wound and securing it between his fingers and
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thumb before it is divided. The Surgeon stands behind for the
nglit thigh, and in front for the left, so as to grasp the flaps with
lus left hand; he should further be provided with a moderate-
sized amputating knife, the blade being about six inches Ion-

the rigid side the incision is commenced about two inches
above the great trochanter, and carried down to the bone and
along the shaft for six or seven inches below the trochanter and
at this point the incision is made to bifurcate, passing respectively
forwards and backwards for about two inches, so as to mark the
point where the " oval" is- to surround the thigh. The assistantnow abducts the imb, and the operator pushes his thumb into
the sht made m the two smaller glutei, which he stretches, and
with the point of the knife separates the muscles from the
trochanter and upper part of the femur, first in front and then
behind The assistant next forcibly adducts the limb, and at thesame time tries to lift the head of the femur out of its socket,by placing one of his hands on the inner side of the thi-h angh up as possible The Surgeon then opens the joint by makin-

cap ule and divide the cotyloid ligament, and then carries theknife along the posterior attachment of the capsule. The head

n av 1 e r T \T '-^^""^ '''' but if not itnmy be dragged out by seizing the great trochanter with a pair

ip r of

the round ligament is next divided. The anteriorpart of the capsule is then cut, the knife passed- over the head

tho sof oT °' "^"^^ ''^^ °l--tor holds

tne sott parts as low as required. AH this time the limb must
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distance, before the liead of the bone is dislodged. On the left side

the only difference in the operation is, that the straight incision is

made from below upwards.

The late Professor Spenob, for some time before his death

(1882), used this method in special cases—cases of amputation

after failure of excision in hip -joint disease; he used the steel

slcewer and elastic bands to control the vessels. He thus describes

the operation :—" The Surgeon, with a short knife such as that

used for amputation at the ankle, cuts from the outside directly

upon the great trochanter and shaft of the femur to an extent

sufficient to form a covering. The limb is then brought across the

opposite one, so as to tilt out the upper part of the femur, and

then keeping the edge of the knife cutting on the inner aspect of

the bone, it is cleared on its internal side. Then all the operator

has to do to complete the amputation is to cut through the soft

parts, at the lowest point where they are separated from the femur.

This may be effected by one circular sweep of the knife, but a

neater result is obtained by shaping the margins slightly convex.

The great vessels are tied where they are divided by the circular

incision; then the anterior india-rubber band is removed from the

limb and any vessels which bleed are secured; next, the posterior

compressing band is taken off, the skewer withdrawn, and the

bleeding vessels tied. As to arrest of bleeding, it will be observed

that there is no deep or large cut surface to furnish much htemor-

rhac^e The great vessels are divided in the circular division at the

extremity of the stump, and the manner in which the shaft of the

femur is separated from the soft parts causes only a superficial

wound on the outside of the stump. There are no surfaces, as

when flaps are formed. "
_ .

In amputations through the hip joint the following is a list

of the chief Structures divided-1. The integumentary covermgs.

2 Muscles-(«) Pectineus, (&) the three adductors, (c) the gi-acilis

U) the sartorius, («) the tensor fasciae femoris, (/) the upper part

of the quadriceps extensor cruris (rectus and part of vasti), {g)
the

obturator internus and the two gemelli, {li) the obturator externus,

(i) the pyriformis, (i) the three hamstrings (the biceps, I.'

semi-tendinosus, and the semi-membranosus), (/.) the three glutu

muscles, (Z) the quadratus femoris, and {m) the psoas and iliacus.
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3. Vessels—(rt) The long saphenous vein, {h) the femoral vessels
(m the anterior flap), (c) the profunda vessels and the external cir-
cumflex, {d) the sciatic vessels, (e) the gluteal vessels (the gluteal
and sciatic vessels are found in the posterior flap), (/) the internal
circumflex (close to the inner side of the acetabulum), and (^7) the
upper perforating will also be cut. 4. Nerves-(a) The branches
ot the anterior crural, (h) the branches of the obturator, (c) the
great sciatic, {d) the small sciatic, (e) the external cutaneous
and (/) the branches of the superior gluteal. 6." Ligaments-
la) The capsular ligament, (h) the ligamentum teres, and (c) the
ilio-femoral band. ^ '

RESUME :—I propose now to give a short resume of what I
believe to be the best methods of procedure, to act as a kind of
guide to the student, who must, to a certain extent, be guided bv
the advice of others till he is old enough to judge for himself.—

THE FOOT,
In all operations on the foot and ankle, the long flap-the

one that bears the greatest amount of pressure afterwards-should
be taken froni the sole, since the tissue here has been accustomed
to bear weight.

m.c?; I'T^"^
^^^^^""^^

P^-^t^r flap,made in the same way as m the terminal phalanges of the finders
witli or without a short dorsal flap.

° '

_
2. An Entire Toe. -The "oval," the straight part of the

)
incision being dorsal

:
in the case of the big to: take plenty oftissue from the side of the proximal phalanx°to cover in the L'e

.

a gei han the outer; do not remove the head of the bone asth^ will destroy the tripod, and a study of the laws of 72^^
teaches us that a body can'stand most secu^ly

"

'-"ra!ke?LT.l-*^'-^°'
""^^^ Metatarsal Bone. -The

.pbaC;tti:L^^^^^ «^ -tatarso-
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4. Eegion of the Tarso-Metatarsal Articulation.— In cases

of accident dissect up a sufficient sole flap with, if possible, a sliort

dorsal, and saw the bones across at any convenient point irrespective

of articulations, or perform a Hey ; for disease of the tarsal bones,

as a rule, and in cases of smash in the region of the median tarsal

articulation, go to the anlcle joint at once. There is, however, one

exception, and that is disease limited to the os calcis; in this case

the carious and tuhercular matter may be scraped away with every

hope of a satisfactory result.

.5. The Ankle Joint.

—

Symb, by the heel flap, or Mackexzie

hy large internal calcaneal flap. The numberless other plans and

niodifications need scarcely be considered, as the stumps left do not

bear the weight of the body better, nor are they so well adapted

for progression, whatever they may be for the purposes of the

instrument-maker.

THE LEG AND THIGH.

1. Just ahove the Ankle.—The Symb flap may be utilised for

two and a half inches from the lower end of the tibia. If tliis

cannot be so utilised, then use a long anterior flap with a short

posterior, or in some cases a Teale may be adopted.

2. Through the Calf and at the "Seat of Election."—The

method described in the text as Lister's, or else the "modified

circular," the skin flaps heing anterior and posterior, not lateral,

except in cases of necessity.

3. At the Knee Joint.—A long anterior with a .short posterior

flap, the ends of the flaps being almost square, or Stephen Smith's

" hooded flaps."

4. Through the Condyles of Femur.—Caeden or Gritti.

.5. At the Lower Third of the Thigh.—Spence's amputation,

the " modified circular," or, occasionally, a Teale.

6. The Middle Third and below the Trochanter. -Th-

method described as Lister's, or the " modified circular."

7. The Hip.—The method associated with Eurneaux Jordan ^

name.
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CHAPTER XVIIL

EXCISION OF JOINTS.

I. Excision may be required for— 1. Injury, as bad compound
dislocations, fractures into joints, more especially gun-sliot injuries

of the head of the humerus, hones of the elbow joint, and head
of femur. 2. For Disease of various kinds—(«) To remove the

diseased part in cases where amputation is not justifiable, as in

some cases of hip joint disease, and disease of the temporo-maxillary

articulation
;

(h) to save life where the patient is being exhausted
by the discharge and pain, and unless relieved will probably die

;

and ((.•) merely to expedite recovery and save the patient months
or years of suffering. 3. For the Results of Disease or Injury,

as in osseous ankylosis of the elbow, or of the knee joint in a

bad position.

II. The Objects aimed at are— 1. Comijlete removal of the

diseased part. 2. To leave a useful limb—in the upper extremity,

by securing mobility; in the lower, by procuring ankylosis, in

order to give a firm basis of support. This is subject to occasional

variation to suit the special occupation of the individual

—

e.g., a

house-painter requiring his arm fixed in the straight position, or a

turner requiring his knee fixed at a right angle so as to allow him
to work the treadle (Bryant).

III. Excision versus Incision. —In cases where there is no
evidence of disease of the bone, but the joint is fuU of pus, then
a free incision and drainage is the proper course; this relieves
tension and may cure the disease, but may leave a stiff joint.

Sometimes incision and scraping or clipping away the gelatinised

synovial membrane and other soft tissues, scraping 'carious
cavities and surfaces with a sharp spoon, thorough washing
with a solution of bichloride of mercury and insufflation of

u
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iodoform, with free drainage, and strict antiseptic dressing, and

rigid splints to insure perfect rest, may give a very good result

—

e.g., in the ankle joint. This operation is known by the name

of " Arthrectomy," to distinguish it from the operation of excision,

properly so called : it is also called " erasion of the joint." It is

often adopted in the case of the knee, and the incisions used may

be lateral, or resemble those used for the operation of excision,

after the limb has been rendered bloodless by Esmarch's method.

Should this method be adopted, let the incisions be made in

such a way that they will not interfere with subsequent excision,

should that be found necessary.

IV. Incision versus Expectancy.—1. Consider the x^ossibility

of Natural Cure.—A large and important joint ought not to be

rashly excised, if such a possibility exists. It is especially advisable

to wait, in the upper classes, who can procure all the benefits of the

best medical skill and attendance, good food and good nursing

;

with hospital patients, however, the case is different, and probably

excision Avill prove the kindest and best treatment. It is also advis-

able to wait in cases where the disease is local and the general

health good. 2. Consider the possible Result of a Natural Cure.—
The great drawback to the "expectant" plan is the prolonged

course of the disease, perhaps for months or years, and often at

the end of that time the patient is little better, or even worse,

than had an operation been performed, and from which he would

probably have recovered in a few weeks. Hence we must care-

fully place before the patient the two possible alternatives—speedy

cure but with the risk of the operation, opposed to prolonged

illness and risk of exhaustion, and in the end a useless limb.

In the case, hoM^ever, of the wrist joiut, it is a little different

(see " Excision of Wrist").

V. Excision verstis Amputation.—1. The Comparative Risk of

the Two Operations.—Excision makes a larger Avound, and therefore

a greater strain on the constitution and a larger surface for septic

absorption ;
hence, in advanced disease of the joint, with abscesses

around it and discharging sinnses, it is better to amputate,

as it would be a difficult matter to make and Iceep the wound

aseptic. 2. As regards the Joint affected, and the advantages of

tlic limb left, over an artificial substitute.—Excision is safer than
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amputation at the Shoulder; at the Elbow, tlie danger is nearly

equal; but the probability of saving a useful arm and hand throws

the weight on the side of excision. So also at the Wrist, excision

is to be preferred to amputation. At the Hip, excision is very

much safer. At tlie Knee, excision was formerly more dangerous

than amputation, but thorough drainage Avith the present anti-

septic methods of treating wounds have done much to lessen the

mortality. At the Ankle, amputation (Syme's) is a less severe

opercxtion, and will probably give the most satisfactory result in

every way. Hence, excision of the ankle is but rarely performed,

except, of course, in cases of injury, where the broken fragments

may be removed, the joint rendered thoroughly aseptic, and the

rest left to Nature. In the upper extremity, therefore, usually

excise—usiug every possible endeavour to preserve a movable
elbow, wrist, and thumb ; in the hip, wait—or, if that is not
advisable, excision is immensely preferable to amputation. But
sometimes amputation is necessary in the case of prolonged and
exhausting disease to give the patient a chance for his life, and
the present improved method of amputating the hip joint has
robbed that operation of many of its former most serious risks.

3. As regards the Disease.—Excision should never be performed
for malignant disease, nor in advanced cases of gelatinous degene-
ration, with abscesses round the joint, and pus burrowing up and
down the limb. It should not be done, either, in the acute stages
of the disease; in such a case, rather trust to a free incision with
antiseptic precautions and drainage. It is chiefly indicated in
disease of the cartilage, and limited disease of the bone. " The
most appropriate cases for excision of joints are those of chronic
disease of all the tissues {white swelling), in which the bones are
probably not affected to any gi-eat depth" (Holmes). It has been
occasionally performed for chronic rheumatic arthritis; but in this
disease, to say the least, it is not a necessary operation in the
sense of saving Hfe, and it should not therefore be pressed upon
tlie patient, and besides it is rare to find a single joint affected
wilh this disease. It is also performed for cario-necrosis of the
articular ends of bones, but the loose part may simply be removed
and the joint left to ankylose—except in the case of the elbow,
wliere ankylosis is objectionable. In diffuse caries of the hip
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wait, even tlioiigli slo^\', unless other iudicatioiis point towards

excision or amputation. Wlien the soft structures only, round the

joint, are affected, excision is very rarely required, as a useful

limb will probably result Avithout operation of any kind. 4. As

recjards the General Health and Social Position of the Patient—

in reference to the comparative risk of a long or short after treat-

ment; whether or not he is Avorn out by exhausting disease; and

also, if free from constitutional taint such as struma, syphiUs, etc.

Consider also the facilities for after treatment, and the time and

attention required—the knee joint, for example, will require great

care and repose for many months ; also the temperament, whether

irritable or otherwise.

VI. A Typical Case.—Where the Surgeon may reasonably

hope for a successful result, may be regarded as something like

the following:— 1. llie Disease should he Limited.— This is

especially necessary in tlie lower extremity, as removal of a

considerable portion of the bones here would render the limb less

useful, or altogether useless, and Avould entail a severe operation.

Further, in young persons, unless the disease is limited, the

epiphysis will be interfered with and result in arrest of develop-

ment of the limb. In the upper extremity, however, length

and strength are of less consequence. 2. The Patient should he

Constitutionally Healthy—noi worn out by cachectic conditions

of any kind, or Avaxy disease of internal organs.—Under these

conditions amputation would be safer. 3. The Joint affection

should he the result of Accident, and not due to constitutional

taint. 4. The Disease should he Chronic—Disease should not be

interfered Avith during the acute stage, because—(a) One cannot

foretell the probable natural result as the disease subsides. It

is possible that as useful a limb will be left by Nature as the

Surgeon could hope to obtain by excision. Secure absolute rest,

drain if necessary, keep in proper position for ankylosis, and wait.

{h) Another objection to operation during the acute stage is the

risk of setting up septic inflammation of the medullary cavity,

or cancelli, with the usual results of osteo -phlebitis, thrombosis,

septic embolism, pytemia, and death. 5. The Soft Parts around

the Joint should he Healthy.—Thej should not, for example, bo

poiincated by discharging sinuses. Should they be much nihltrated
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and disorganised it would be useless to hope for healing of the

wound. This has especially to be considered in the case of the knee

and ankle. In other cases—the elbow, for example—the incision

may be made so as to include the different sinuses, even though

not made in the orthodox position and direction; sometimes also

the sinuses may be used as drainage apertures, after freely scraping

them with a sharp spoon and brushing them with a solution of

zinc chloride (20 to 40 grains to the oz.) or some other antiseptic.

G. Tlie Patient must not he too young or too old.—The most

suitable age is from twenty to thirty. If too young, even though

other conditions are favourable, the epiphysis might suffer, and the

development of the limb be arrested to a great extent in conse-

quence, as it is at this part that the development of the bone in

length is mainly dependent. In reference to this, Mr Humphry
has pointed out that all epiphyses are not of equal importance; he

states that the upper epiphysis of the humerus and tibia, and the

lower epiphysis of the femur and radius are the most important as

regards the growth in length of the respective limbs. If too old,

the patient's constitution is unable to bear up against the severity

of the operation and the protracted convalescence. 7. The Surgeon

should hi^ye proper means at his disposal /b?' after treatment, and a

restful, trustful, hopeful patient.

YII. In Performing the Operation.— 1. Make the incisions

parallel with the axis of the limb, so that the cicatrix wiU not

interfere with the movements of the joint afterwards; again, by
making the incision thus, we will usually avoid dividing important
structures, as blood-vessels, nerves, and tendons. At the same
time the incision must be sufficiently free to expose the parts

to be removed. In cases where a movable joint is the object,

division of muscles and tendons must be avoided as far as possible.

2. Remove as little of the hone as possihle, consistent Avith the
object in view. The gouge may be used to scoop out carious cavities,

in preference to making a complete transverse section of the bone
again. At the same time, if too little bone be removed in the case of
tlie elbow joint, the risk of bony ankylosis is very great (Spence).
Jiut in the case of the knee joint, where the object is ankylosis
with the least possible amount of shortening, then remove as little

as possible, 3. In cases ^vhere a movable joint is the olijoct,
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save the periosteimi and capsule of tlie joint, lorovided they are

healthy. 4. In cases of " pulpy disease" of the synovial membrane,

all the diseased textures must be carefully scraped away with a

sharp spoon, and all sinuses must be very freely scraped and

asepticised and provision made for thorough drainage, and the

whole dressed with strict antiseptic precautions. 5. The special

splints, and attention to secure movement or absolute rigidity,

will be mentioned under the special excisions.

VIII. Instruments Required.—I will only mention the special

and more imjiortant instruments necessary in this list. 1. Scalpels

and Bistouries, thin and stout-bladed, strong-backed, and sharp-

pointed, and occasionally a blunt-pointed one is useful—the sharp-

pointed are used for making the incisions, and the blunt-pointed

Fig. 61.

BUTCHER'S Saw.

one used afterwards, as in shoulder and hip excisions. 2. Saivs oj

various Jcinds—(«) Butcher's, which has a narrow blade that can

be adjusted to any angle, so that it runs easily and in any direc-

tion ; it is especially suitable for the elbow, or in cases where it is

desirable to cut the bone obliquely and where the space is limited

(Fig. 61). (h) A broad-bladed, strong, movable-backed am^jutating

saw, such as Fergusson's, should be preferred in excision of the knee

joint, where the bones are easily reached, and a broad slice has to

be removed in a special direction, (c) A chain saw is occasionally

of use in dividing deep-seated parts, as in the hip joint, (d) A
" key-hole " saw. 3. Broad curved Qopper Retractors. 4. Gouges,

to scoop out carious cavities after section, and thus economise
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length of bone. 5. Lion Forceps (Fergusson's), to liold firmly

the piece of bone to be sawn off. 6. Ctdting Pliers and Gouge

Forceps. 7. Periosteum Elevators. 8. Excision Director, in cases

where the bone cannot be turned out of the Avound. 9. Volkmann's

Sharp Spoon. 10. Esmarch's Elastic Tourniquet, to prevent bleed-

ing during the operation. To this list might be added— artery-

forceps, dressing forceps, sutures, needles, dressings, splints, awl

for "wiring" bones, drainage tubes, etc.

In operating upon the dead body— (1) A suitable knife,

(2) retractors, (3) a proper saw, (4) lion forceps, '(5) bone forceps,

(6) dressing forceps, and (7) a periosteum elevator, are required.

These must all be selected before beginning the operation, and

placed on a tray within easy reach of the operator's right hand.

In closing this chapter, let me enumerate the chief local

measures at our disposal for the treatment of strumous arthritis,

e.g., in the knee joint :

—

1. Absolute and prolonged rest of the joint.

2. Arthrotomy, or incision and drainage, where the joint

contains pus.

3. Arthrectomy, or erasion

—

i.e., clipping and scraping

away the diseased textures; esiDecially indicated in

the young, and where the synovial membrane is the

• chief seat of disease.

4. Excision, in persons under thiity-five, and if the disease

be within reach, and limited.

5. Amputation, in persons beyond thirty-five or forty, or

where the disease is beyond the reach of excision, or

the patient is manifestly going down hill, as from

waxy disease of the viscera.
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CHAPTEE XIX.

SPECIAL EXCISIONS.

SHOULDER.

Excision of the Shoulder Joint.— Various forms of incisions

have been proposed—(a) A single longitudinal vertical incision;

(h) a T-shaped incision; (c) a modification of this form, one half

of the cross bar being omitted—somewhat like the letter L upside

down : these two forms are chiefly used in cases where the soft

parts are much infiltrated and non-resilient, and where, conse-

quently, it is necessary to gain more room, which is done by

making a short cross-cut at one or both sides of the longitudinal

incision; and {d) the U-shaped deltoid flap operation.

To check haemorrhage durmg the operation, an assistant may
compress the subclavian by a padded key, or Esmarch's elastic

tourniquet may be used. The elastic band is forcibly stretched,

and applied round the shoulder, and as high up in the axilla as

possible, so as to compress tlie artery against the neck of the

scapula
J

the upper part of the turn should rest in the concavity

at the outer end of the clavicle and internal to the coracoid

process in front, and root of acromion process behind. To pre-

vent its slipping during the operation, pieces of bandage should

be placed beneath it, both in front and behind, and held by an

assistant at the opposite shoulder. Excision may be required for

—

1. Disease—as caries of the head of the bone, simple and tubercular,

disease of the cartilage, etc. In these cases the glenoid cavity is

secondarily involved, and will recover without interference, when

the head of the bone is removed. 2. Injury—as compound and

comminuted fractures, gun-shot wounds, etc. 3. Results of Disease

or Injury rarely demand excision of the shoulder. Many diseases

end in ankylosis, either true or false ; but for this condition excision
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is but rarely indicated— («) Because, on account of the weight of

the arm, it usually ankyloses in the best possible position; and

[h) even when ankylosed in a not very favourable position, the

mobility of the scapula to a great extent compensates for the loss

of movement of the joint itself; besides, the amount of movement

obtained after excision is very often not so great as in cases of

ankylosis by disease.

I. By the Single Longitudinal Vertical Incision (Fig. 62).—In

connection with this incision, it should be noted that the posterior

circumflex artery, which passes round the posterior aspect of the sur-

gical neck of the humerus, though large at first, becomes very rapidly
smaller

; and therefore the incision should be towards the anterior
part of the joint, in order to avoid wounding either the trunk of the
vessel or its larger branches, and thus lessen hc-emorrhage during
the operation. Position of the Patient.—He is to be placed on his
l)ack, with the shoulder to be excised raised and projecting beyond
the edge of the table, and held by an assistant slightly abducted.
The operator stands facing the patient, and on the same side as
the joint to be excised. Begin the incision a little to the outer

Fig. 62.

Excision of Shoulder.

Observe Positiou of Cephalic Vein.
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side of and above tlie coracoid process, aud carry it downwards
and a little outwards through the anterior part of the deltoid,

immediately external to the ceplialic vein, which must not be

injured, and the liumeral branch of the thoracic axis, for- about

four inches, down to, but not through, the insertion of the

pectoralis major. The incision must go right down to the capsule.

By this incision (1) the integumentary structures and (2) the

deltoid are divided ; before going further, secure the anterior

circumflex and the bleeding points with Wells's forceps. Draw
aside the edges of the wound with blunt hooks or copper spatulse,

feel for the bicipital groove, and then make a longitudinal incision

through the periosteum and capsule, along the inner side of the

groove to the glenoid cavity. The long tendon of the biceps, if

healthy, may then be raised from its bed and drawn to the outer

side. The assistant then rotates the humerus forcibly outwards,

while the Surgeon separates the tendon of the subscapularis and

periosteum from the head of the bone with a periosteum elevator.

The long tendon of the biceps is now to be shifted to the inner

side, and then the assistant rotates the humerus inwards and

allows it to fall over the edge of the table, when the Surgeon

separates the periosteum and muscles attached to the greater

tuberosity—the supra-spinatus, infra-spinatus, and teres minor

—

in the same way tliat he separated the tendon of the subscapularis.

In cases of disease, where the tissues are much condensed, a small

cross incision may be made in the deltoid, just under the acromion

process, in order to expose the great tuberosity fully. The assistant

next forces the head of the bone up into the wound, by drawing

back the elbow and pushing upwards, when the Surgeon separates

the posterior part of the capsule with the periosteum elevator, or

divides it with a bistoury, keeping in mind the near presence of

the posterior circumflex artery aud the circumflex nerve, and care-

fully preserving them from injury; the Surgeon himself then takes

the arm from the assistant, pushes the head of bone out of the

wound, while the assistant draws the soft parts well aside, and

saws the bone by a Butcher's saw, with reversed blade, througli

the surgical neck. In cases where the head of the bone is severed

from the shaft by injury or disease, it must be seized with a lion

forceps and carefully dissected out. As this operation is usually
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practised for disease, the periosteum, softened by the inflammatory

action, is readily separated from the bone. Should, hoAvever, any

great difficulty be experienced in doing so, the capsule must be

divided close to and on the anatomical neck of the humerus, along

with the tendons attached to the tuberosities, by a single firm

sweep of the knife as the assistant rotates and lowers the arm.

The glenoid cavity is next examined, but it rarely requires to be

interfered with at all. If very much diseased, it may be removed

by the bone-pliers or dressed -with the gouge forceps, either through

the incision already made or through a posterior .vertical incision,

above the posterior circumflex artery. This may seem an unneces-

sary mutilation, but as a matter of fact it is not so, as this opening

can be afterwards utihsed for drainage, and besides, the glenoid

cavity is much nearer the posterior than the anterior surface. In

cases Avhere the glenoid cavity is not interfered with, a counter

opening must be made behind for the exit of discharges, since the

patient lies on his back; and were no opening made the wound
would simply become a huge well of putrescible fluids, and a fit

nidus for the growth of putrefactive or pathogenic organisms. To'

make the opening, bring the arm to the side, into the same position

it will occupy during the after treatment, and by means of a dress-

ing forceps (Mr Spence used his left index finger) work through

the tissues till its point presses against the skin above the posterior

circumflex artery; divide the skin over the point of the forceps,

push it through, open the blades, seize the drainage tube, and
withdraw the forceps, leavuig the tube in its proper place. This

care is necessary, on account of the presence of - the large posterior

circumflex artery.

As regards the after treatment no special apparatus is required,

all that is necessary is to support the shoulder on a pUlow for a

few days, with a good, long, soft pad, thicker above than below,

placed in the axilla to keep the upper part of the shaft outwards,

as it is apt to be tilted inwards by the muscles inserted into the

bicipital gi'oove— pectoralis major, latissimus dorsi, and teres

major—^just as in fracture of the surgical neck. The wound is

dressed in the usual way and the whole upper extremity bound
to the chest. When the patient is able to .sit up and move about
(which he shoiild be encouraged to do as soon as possible), the arm
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is to be supported by a sling, and tlie elbow allowed to bang freely

down (Bell). He may be allowed to move about, tbe elbow being

carefully supported (Holmes). In any case it must be gradually

brought into useful motion, first passive, and then voluntary. In

the ease of this joint however, even though the parts should unite

by osseous ankylosis, it is of little consequence, as the mobilitj' of

the scapula compensates for the stiif shoulder joint, and the arm,

during healing, naturally falls into the most useful position under

the action of gravity. The advantages of the longitudinal incision,

in this position, are—(1) The deltoid muscle is not injured to any

extent, and will therefore be of great service after the wound has

healed; (2) the posterior circumflex artery is not divided, except a

few of its terminal twigs, and therefore the hseniorrhage is not great;

and (3) if the joint is too bad for excision, the wound is easily trans-

formed into a Spence's amputation. The only disadvantage is that

it is rather more difficult to perform than by the next incision.

After excision the arm can never be raised beyond a right

angle ;
flexion, extension, and adduction are . usually free, but

rotation is, as a rule, permanently lost. The amount of abduction

will necessarily depend on how the operation has been performed

;

if by the deltoid flap, then it will be greatly diminished. The

length and strength of the arm are of little consequence, so long

as it is able to be a useful servant to the liand, which is the chief

point to be considered in all excisions of the upper extremity.

RESUME of this operation :

—

1. I\Iake the incision so as to avoid the cephaHc vein:

incision to go at once to capsule or bone, and be four

inches long.

2. Open up the bicipital groove and displace the long head

of the biceps to the outer side.

3. Rotate outwards and divide the tendon of subscapularis

and capsule, by cutting on the anatomical neck of the

humerus.

4. Displace the tendon of the biceps to the inner side, let

the arm hang well over the table and the elbow be

drawn slightly backwards, rotate the humerus inwards

and divide tlie tendons of the supra-spinatus and teres
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minor, Avitli the capsule, by cutting directly on the

anatomical nock of the liumerus.

•3. Divide the posterior part of capsule, force head of bone

through the wound and remove it by Butcher's saw,

with blade reversed.

6. Examine glenoid cavity and do what may be necessary.

7. IMake an opening for drainage behind, by dressing

forceps and knife, and afterwards dress tlie wound,

fixing the arm to the side.

XoTE.—^]Mr Spence reversed the steps 3 and 4 of this resume,

dividing the muscles attached to the great tuberosity first. He
regarded the division of the broad attachment of the subscapularis

into the small tuberosity as the key of the operation.

II. By the U - or rather V-shaped Flap, with the base upwards,

iVura the deltoid. The incision is commenced at the posterior

border of the acromion process, and carried across the line of inser-

tion of the deltoid, and terminates at the outer side of the coracoid

process. The flap thus marked out is raised ; if possible, save the

periosteum and tendons, as in the last operation, by making a

longitudinal incision on the outer aspect of the capsule and head

of humerus, and raising the periosteum and tendons en masse by

an elevator. In doing this the arm should be brought across the

chest. Tlie bone is sawn, the glenoid cavity examined as in the

last method,' and after this the flap is replaced and retained by

sutures, and a drainage tube inserted behind. The disadvantages

of this method are—(1) Tlie great mutilation of the deltoid muscle,

and, consequently, a much less useful arm is left ; and (2) the

division of the trunk of the posterior circumflex artery, and, in

consequence, more severe luemorrhage than by the other method.

Its only advantage is that it is more easily performed than by
the single longitudinal incision.

In some cases it may be advisable to excise the joint from

behind, through a vertical incision from the root of the acromion

process downwards, but not extending so low as to divide the

circumflex nerve and posterior circumflex artery ; this method is

specially indicated where the tissues behind are involved in the

diseased action, but those in the front conipurativcly sound. The
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difficulty is, of course, the small space at tlie disposal of the

Surgeon iu making the vertical incision, without dividing tlie

posterior circumflex artery, and perhaps the circumflex nerve

as well.

THE ELBOW JOINT.

Excision of this joint may, just as the shoulder, be required

—

1. For Disease— chiefly strumous arthritis. 2. For Injunj—as in

compound and comminuted fractures, compound dislocations, and

gun-shot injuries. 3. For the Results of lujnrij or Disease— as in

osseous ankylosis, whether straight or angular. In most of the other

joints excision should not be performed while there is hope of a

cure by ankylosis; but in the elbow joint it is different, and every

effort must be made to secure a movable articulation. In cases,

however, of ankylosis of the elbow at a right angle, the joint is

Avonderfully useful; I have seen a case (a medical practitioner)

where it was almost impossible, without close scrutiny, to tell the

difference. To control hasmorrhage during the operation, empty

the limb of blood by vertical elevation and apply Esmarch's elastic

tourniquet over the upper part of the brachial artery.

Position of the Arm.—An assistant, standing on the side

opposite the diseased limb, grasps the arm above and below the

elbow, keeps it moderately flexed and raised from the body and

carried across the patient's chest, so as to thoroughly present the

posterior aspect of the joint to the Surgeon. If more convenient

this assistant may stand at the shoulder of the same side, instead

of on the opposite side. The patient should be drawn close to the

edge of the table, should be slightly inclined to the sound side, the

diseased side being raised by pillows. The Surgeon stands on the

same side as the joint to be excised, facing the patient. It may be

performed by three different forms of incision— (1) The H -shaped

incision (Syme); (2) another, which is simply the H -shaped incision

minus one of its upriglit bars ; and (3) a single longitudinal vertical

incision (Langenbeck)—(in this case it is the H deprived of one of

its vertical limbs and also the cross-bar).

I. By the Single Longitudinal Vertical Incision (Fig. 63).—

This is the form most frequently adopted. The arm being held

in the position just described, begin the incision in the middle
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line, two and a half inches above the elbow, and cany it down-
wards and a little outwards

—

{i.e., outwards, as the arm is now
held, or toAvards the ulnar side)—over the olecranon process and
upper part of the ulna, ending two and a half inches below the

joint. If preferred, the incision may be made a little nearer

the inner side, because of the presence of the ulnar nerve, and
especially where it is intended to clear the inner condyle first.

Fig. 63.

Excision of Elbow.

Observe tlie Ulnar Nerve passing over Internal Condyle.

In cases where there are sinuses on the posterior aspect, cut the
skin and cellular tissue so as to join them, even though by so
doing the incision is not straight; after this proceed as iii

ordinary cases. The upper part of the incision is carried firmly
down to the humerus so as to divide the tendon of the triceps
longitudinally; the lower part exposes the subcutaneous ulna. The
assistant now extends the elbow joint, while the operator inserts
his left thumb into the wound to "make the triceps tense, and
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peels it and the other structures on the outer side— the common

tendon of the extensors and the anconeus muscle—from the outer

condyle of the humerus and head of radius. In doing this the edge

of the knife must be kept close to the bone and rasping against it.

In cases where, in excision for disease, the periosteum is swollen and

loosened by inflammation, this separation should be accomplished

by means of a periosteum elevator, the periosteum and tendons

being raised en masse. By this means the outer condyle and the

head of the radius are cleared
;
by clearing the outer side first the

tension is lessened and the operator can more easily deal with the

structures at the inner side of the joint, among which is the ulnar

nerve (Spence). Many Surgeons prefer to clear the inner side of

the joint first, and for this reason make the incision rather nearer

the ulnar side. Mr Maunder pointed out that in clearing the

outer side it is important to preserve the fascia over the anconeus,

which is continuous with the tendon of the triceps and attached to

the posterior border of the ulna, so that the power of extension of

the elbow joint may be preserved. In like maimer, the inner side

'of the joint must be cleared, first turning off the triceps and then

the rest of the soft parts lower down—the common tendon of the

flexors and pronator radii teres—till the inner condyle is fully

exposed. In doing so the periosteum elevator shoirld, if possible,

be used, but if not, the edge of the knife must be kept close

to the bone and carefully follow all its sinuosities so that the

ulnar nerve, which lies between the internal condyle and the

olecranon process, may escape injury (Fig. 63). The flaps are

now to be held aside with blunt hooks, and then the assistant

must again moderately flex the elbow; the olecranon process is

then seized with- the lion forceps, and the operator snips it off

with the bone pliers, after having, if necessary, partially divided

it with the saw. The assistant next forcibly and fully flexes the

joint till the fore -arm touches the upper arm, and then holds

them vertically at right angles to the table, and at the same tm^c

he pulls the fore -arm towards tlic table and pushes the humerus

upwards ; the Siu-geon then, with a touch of the knife, divides

the strong lateral ligaments close to their attachment to the con-

dyles of the humerus, as they are narrowest at these points. The

condyles of the humerus arc then to be cleared and dn'idcd by
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Butcher's saw; as before, the outer is cleared first and then the
inner, keeping in mind the presence of the ulnar nerve. In sawing
the humerus, grasp the part to be removed with a lion forceps to
steady it, and make the line of section parallel with the lie of the
articular surtaces; the section should pass through the upper part
of the olecranon and coronoid fossa; and the widest part of the
condyles. The assistant then forces the bones of the fore-arm out
of the wound, the orbicular ligament is completely divided, and
the ends of the bones cleared by the knife or elevator till the
articular surfeces are thoroughly exposed ; the head of the radius
may now be divided by the bone forceps, and the rest of the ulna
removed by the saw-or the ulna may be grasped by the lion
lorceps and both bones sawn together, the section including the
greater and lesser sigmoid cavities of the ulna, and being a
little below the latter. The order, therefore, of bone divisionm this excision is-(l) The olecranon process; (2) the lower end
of the humerus; (3) the head of the radius; and (4) the rest of
the ulna. It is by no means essential to divide the bones in this
order

:
the lateral ligaments being divided, the radius and ulna

may be projected back, cleared, and divided without previously
dividing the olecranon process, and then the lower part of the
humerus cleared and sawn. The position of the ulnar nerve at the
inner side must never be let out of mind, although the nerve itself
should always be out of sight, especiaUy during clearing of the
inner condyle and final division of the ulna ; the brachial artery
IS not m great danger, the brachialis anticus muscle lying between
It and the wound. In clearing the bones of the fore-arm it may
be necessary to partially separate the insertion of the brachialis
anticus into the base of the coronoid process of the ulna, but its
iiisertion should not to any great extent be interfered with ; the
biceps tendon, inserted into the tubercle of the radius, is not, of

cuyided-(l) The integumentary structures; (2) the separation of

ott r '""'^^ ^''"^
(•^) ligaments of the

JO nt (4) humerus, radius, and ulna; and (5) the following vessels,

it *
1

Branches of the supei-ior pro!

blanch, and (J) the radial recurrent.
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For tlie purpose of drainage a tube must be introduced Avell

into the wound, and its lower end brought out at the lower angle

of the incision ; in cases where there is a sinus on the mner sxde

of the joint, it should be utilised for drainage, and the whole of the

longitudinal incision stitched up closely. In sharp-spoomng any

simrses on the inner aspect of the joint, be very cautious lest you

Icrape through the ulnar nerve, as it might be lyuig m the softened

mass of tissue, and more especially in distortions of the joint, duo

to disease or injury.
„„„;„c:t

After Treatment.-In excision for Disease we must guard agamst

ankylosis. After the operation the wound is encased m a thick

wrapping of antiseptic dressing, slightly flexed and laid on a piUo s

no splints being required, except, say, a lead splint to steady iL

Sometimes it is found to be more ^^^'^'^^

'^f^^;^^^^^^^^^
in the extended position with a light weight attached tt>e wrist

to prevent the bones coming into actual contact. This plan is to

be stroncdy recommended as the best preventive against ankylosis

L weight being just .sufficient to steady

separate them too widely; nor must it be used too lo"g
l^^^^^^s"

opposite extreme be reached, and a " flail-Hlce " joint result. t

kept thus for ten days, and at the end of hat be -e^t^

-

removed every morning, and the arm flexed as far as the patien

rconifortably bear it, and left thus till night, when the we

is again re-applied. By tlie end of three weeks the 1 and should

be able to touch the patient's nose, back of head, etc. If tUe

tei M i not employed, after the flrst -A-^-^-'^X^^^^^^^

have passed oif. and union by the first intention taken

"f^^;

at the end of a week or ten ^ays-passive movement should be

commenced, at first merely altering its PO-*--; ^^^^jj
flexed one day, extended the next, and so on. Latei, bo^^c^ el t

mtvtents m';st be more extensive and pronation and supm^^^^^^^^

added. When the patient leaves his bed, ^
^^J^i,,.

.1.1 P to do in a few days, the arm must be carried m a slm mit

t between p^omatio/and supination, the tbnmb jcrn^^^^^^^^^^^

extended during the night and a light --gl^PP^^^^^^^^^^^ ^
treatment of excision for Injury, however '^^^'^^

T.o^^^^^^^^

the above, because the great danger m this ^
J,

of a useless
" flail-like" joint, especially m cases .shac nmcU
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has been removed and the periosteum has also been destroyed. An
angular splint, with a joint opposite the elbow, will be necessary
so as to keep the parts at rest and yet allow -sufficient passive
flexion and extension. Pronation and supination must also be
attended to, but for this purpose the splint will require to be
removed.

The amount of bone removed in excision for disease should not
be too meagre, lest osseous ankylosis result. The whole condyloid
extremity of the liumerus should be removed, the saw passin-
through the olecranon and coronoid fosste, but at the same time
taking care to leave the broadest possible osseous surface; the
greater and lesser sigmoid cavities of the ulna should be removed
as Avell as the head of the radius.

'

Partial Excision for Disease is not good, as it is apt to result
in osseous ankylosis, or else in a return of the disease ; for Injury
It IS often unsuccessful and more dangerous to life. In disease
there is but little danger of a " flad-like" joint resultiuo- It is
never thought necessary now-a-days to resort to the barbarous
proceeding, formerly much in vogue in the early days of joint
excision, of moving the joint like a pump-handle several times
a

-
day immediately after the operation. This is an excessively

panifu proceeding; but, apart altogether from this, the results of
this plan of treatment were often very unsatisfactory- in some
cases being ankylosis, in others a -fiail-like" joint. In addition
to using the weight and pulley to steady the parts and keep the
muscles from pressmg the bony surfaces together, in excision
of the elbow jomt. Professor Chiene sometimes uses a box-like
splint of perforated sheet-lead, outside the ordinary dressiness into

l^ie advantages of the single straight incision are-(l) It

ot this muscle as an extensor is preserved
; (2) it further avoids a

u n ired ; tl^

'^''y- ^ disadvantage, sometimes'"•''turned, ,« that It IS more didicult to drain thoroughly.
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RESUME of tlic above operation :—
. , ^i.

• •
.

1 Straight incision made, five iiiclies long, witli tlie joint

semi-flexed, the incision being r^ier nearer the uhiar

side at the lower part, but in the middle Ime above.

2 Structures on the inner side are peeled off the humerus, .

the joint being at first held extended, but later is to be

flexed. Tahe care of ulnar nerve.

3 Do the same on the outer side, taking care to preserve

the fascia common to anconeus and triceps intact.
_

4 Komove the olecranon, flex the arm still more, and divide

the strong lateral ligaments by cutting on the condyles

of the humerus. .

'

r, Force out the end of humerus, and divide it through its

broadest part, and parallel with the articular surface

6. Clear ends of radius and ulna, and divide them a httle

below the lesser sigmoid cavity.

Steps 2 and 3 may be reversed, and the. bones divided without

..no^g the olecranon, thus :-After dividing the lateral ig^^^^^^^

1 \i ,,,fprior aspect of the coronoid process, and make a

Z^ZZ.. sigmoid cavity; after this clear the humerus aud

divide it throu-h the upper part of the olecranon fossa

then another incision three inches ^'^''^^

.^'^'""fl''^^^^^
the limb and a IJttlew^ to tl.-^^1^^—

'"'^

tt X iTofThVL^^ one, we complete the

mcision at the outei ena oi
r^,j

^1^^,^ objections

fivst form of mcision-the " -M-^
...i^i,, ^f the

to these forms of mcision
^'^-^l^^^^ with flexion;

triceps, and the transverse
its power

the division of the muscle itself l^^^^^f ^^^^ f^ ^1 the first

as an extensor. (2) If the transverse cut

f /^^.^^

intention, passive motion cannot be begun
^l^l^Xl^^r.'^.Z^-

out interfering with the healing V^^^^'^'^^^^^^^^^ ^
.u-e-^n The hones are more readily cxposcil

,

ana
^ ;

or better drainage, through the inner inci.iun.
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III. Another method of operating is by two Lateral Incisions
l ie inner should be made first, and is shorter than the outer'
which may be made of any convenient length. The external
latera ligament is divided and the head of the radius removed-
and tlien the humerus is to be disarticulated and forced out at
the external wound, and divided by a narrow-bladed saw; next the
ulna IS cleared, protruded, and sawn. The advantages claimed

n'^W- 1. P™^'^^« better drainage;
and {6) the scars are lateral and not posterior

low?
Excision of the elbow joint, where the

lowei. end of the humerus alone is removed, it is necessary to do
t through ateral incisions, as it is impossible to reach the jointfn,m behind, on account of the olecranon process. It may be donethrough a single long internal lateral incision, but it is usually
necessary to use a short external as well, so as to divide the stroni
externa lateral igament. This is an operation that may b^required 111 ankylosis from injury, and after fractures about theelbow joint m children. The real condition has probably no beenrecognised _at the time of the accident, and by and-by the io nbecomes stiff and useless. In such cases be specLly cafe^d o 2uhiar nerve, as it will probably be displaced or envefoped in a m!of new bone The lower end of the humerus is divided Tnto^lpor Jons by the bone pliers, and the separated parts are th.i movedIn this My the insertions of the triceps and the brachialisTtLusinto the ulna are left intact. Excision of the elbow is a ess floperation than amputation of the arm. An occasional cTus od ath IS suppurative inflammation of the medullary cavitH^^^^^^humerus, causing osteo-phlebitis, pycemia, and death

^

THE WRIST.
Complete excision of the wrist includes removal of the ends of

^^^^^^^^

cxcTsionI r ^"<^^ g"n-«l^ot wound; few cases

"rh niuty r ''''''''
'''' ^'-"-^ oases

crrfulon.
' ^^^•'^th. (2) Di.ea.e asicrouuous caries pvfifdfl i- i . . . ^ '

'^''"'"'"^>

'
s, excited by some slight injury, as a sprain; chronic
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rheumatic synovitis, leading to caries and ^i-^^^^-
^f/l^^f

Excision shortens tlie disease, and lessens the risk of long con

"uppnration, and so far as the operation rs concerned the

ricilcs to the patient are almost nil.

P inciples-In former times the results of excision .-ere anj- .

thiiv'hu atisfactory, the usual result being either a recurrence

S in cais of partial exCion for di^^;^

stiff and useless hand, from extensive rnterferen e . *
-^^^^^^^

encircling the joint, and imperfect after treatment.
_

Of I'-^^i jears

hlever it has been shown that c-P^^^^^"^
""^^Z

formed Lnd yet leave a useful hand, provided that-(l) all tne

Srid bonis and cartilage-covered surfaces of the radius am

.ina, and the bases of the metacarpal bones - -^f^^f̂
all the tendons concerned ^-^^^73—*^ ;^^^^^

of the Lc.ers and thumb very soon after the operation.

1 Lister's Method.-The guides for thrs op-^^

,,We on the middle of

aiately to the ulnar side of

f-^J^^^^^^;
;^^ extensor secundi,

secundi internodu pollicis 2 ihe tmicion

passing from this tubercle, obliquely ^ the root
^^^^

crossing the radial artery at a point n ariy on a

to of the metacarpal bone of the thumk

To control hemorrhage and nev-t oo.in

operation, the limb is first emptied 0^1^ °°^ ^^ ^ .^^^1, ,f the

U ESMAKCH'. elastic to-mq-
^pp^^^^^^^^^^ ^^^^

fore-arm. Any adhesions must be brohen down
^^ ^^^^^

the operation, by forcible free

--^^^f^j^fJ^l^^he f^re-arm

the patient is under chloroform, a^^^^^^^^^^

^^^^^ the Surgeon

and hand pronated, with the wrist
^^f ^^^^^ the dorsal

calces the Radial Incision.
..ocess, amF

aspect of the radius, on
^^'t toir the inner side of .the

passing downwards and out..rds to- a-
^^^^^

metacrrpo-phalangeal articulation of the thumb,
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the Ime of the radial border of the metacarpal bone of the indextoger xt IS carried downwards longitudinally for half the lengthof that bone. Ihe first part of this incision should be parallel

secundi mternodu poUicis, which must not be injured; neither

Fig. 64.

Lister's Excision.

7-._

1. Extensoi- Carpi Radialis
Longior.

2. Extensor Carpi Radialis
Brevior.

The Radial Incision.

4. Tlie Badial Artery.

5. Extensor Seciindi Inter-
Jiodii Pollicis.

6. Extensor Carpi Uhiari.s.

7. Tlie Ulnar Incision.

tl.e oxtensorTZ r °\ ^'
"^'^'^"'^

by tho tl^un
^^''^ ^^^th the knife guarded

' '^""^^
°" t'^^- -^^^i-^I side of the incision, and in so
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doing the tendon of the extensor carpi radialis longior (1) is

divided close to its insertion, into the base of the second meta-

carpal hone. The two cut tendons, the undivided extensor

secundi, and the radial artery are pushed out of the way, and

the trapezium separated from the rest of the carpus by means of .

the bone forceps, entered from below upwards, cutting m a line

parallel with the longitudinal part of the incision, as m this way

there is less risk of wounding the radial artery. Tor the present,

tlie trapezium is left in the wound, as its close relation to the

radial artery, and the tendon of the flexor carpi radialis, which

lies in the groove on its anterior surface, makes its removal at this

8ta"e of the operation a difficult matter. The'liand is now to be

doi°siflexed, and the soft parts on the ulnar side of the incision

dissected up as far as can be conveniently done.

A free Ulnar Incision (7) is next to be made, commencing

two inches above the lower end of the ulna, and towards its

palmar surface, and carried downwards between the flexor carpi

ulnaris and the ulna, as far as the middle of the palmar aspect of s

the fifth metacarpal bone. Through this incision the rest of the

tendons on the dorsal surface are raised. During all these mani-

pulations the tendons sliould be raised as little as possible from

their grooves on the dorsal surface of the bones of the fore-arm

or the^metacarpus; this is more easily managed if the joint be kept

fuUv dorsiflexed. The tendon of the extensor carpi idnaris 6) is

next cut as near its insertion as possible, and then the dorsal and

lateral ligaments of the joint divided. In raising the soft parts

from the palmar surface, through the idnar incision, the wrist

ioint should be fully flexed, and the knife must be carried close .

to the ulna, so as to avoid wounding the idnar artery and nerve

Tlie pisiform bone is to be separated from the other bones but

left attached to the tendon of the flexor capri ulnaris; the flexor

tendons are now raised from the front, till the knife is arrested

bv the hook of the unciform, which must then be snipped off with

the bone forceps. The separation must not extend lower down ;

than the bases of the metacarpal bones, lest the deep palmar arcli

be wounded (Fig. 65, A).

The anterior ligament of the wrist is now divided and t le bon^

forceps applied, so as to separate the carpus from tlie end ol the
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radius, and then from the metacarpal bones ; the separated bones
are then, removed by the aid of the lion forceps. The hand is now
everted, and the ends of the radius and ulna are projected through
the ulnar incision, and, if extensively diseased, should be sawn
transversely, wide of the articular surfaces (Fig. 65, D) ; if only
slightly diseased, the articular cartilages are alone removed. The
ulna is divided obliquely with a small saw, so as to remove all
the cartilage-covered surface, while the base of the styloid process
IS retained, and in this way the ulna is left but little shortened

j

Fig. 65.

Lister's Excision.

A. Deep Palmar Arcli.

B. Trajsezium.

C. Articular Surface of tlie Ulna.
The dotted Hues D and E include

tlie amount removed in e.xtensive

disease of the wrist ; the unshaded
parts, the amount to be removed in
cases where the disease is confined
to the cai'pus.

Nos. 1, 2, and 3, indicate the
metacarpal bones into which tlie

three tendons divided, during this
operation are inserted, viz.

—

(1) The Extensor Carpi Radialis
Longior.

(2) The Extensor Carpi Radialis
Brevior.

(3) Tlie Extensor Carpi Ulnaris
(after Listeii).

a thin slice is then removed from the inferior articular surface ofthe ladius, and the articular facet for the ulna is denuded by the

t.ro!r'^;V'^f
longitudinally, without disturbing thetendons on tlie dorsal surface (Fig. 65)

J^ow protrude the second and" the third metacarpal bones from

hT : '""''iT,'
''^^^ cartilage-covered surface

rltruded ?r'^i'' r'*^'^
'"'^^^ '''' f""''"^

protruded from the ulnar incision and treated in the same way
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:

The trapezium is then seized with the lion forceps and carefully-

dissected out; and, in doing so, take care of the radial artery,

which lies on its outer side, and the tendon of the flexor carpi

radialis in the groove on its palmar surface; the head of the

metacarpal bone of the thumb is then protruded and cut off witli

the foi'ceps or saw. Lastly, the pisiform bone is examined; if

healthy, the cartilaginous surface is removed and the rest of the

bone left, but if diseased it should be entirely removed. The hook

of the unciform bone is treated in the same way. The tendons,

therefore, divided in this operation, are the three extensors of the

Avrist. If the bases of the metacarpal bones be divided too Iom'

down, the tendon of the flexor carpi radialis may be injured, but

it usually escapes, while the flexor carpi ulnaris is left attached to

the' pisiform bone. All the tendons necessarily divided are cut as

long as possible, so that they may form new attachments in the

most advantageous position. The radial wound is to be closely

united with sutures ; the ulnar incision is closed at each end, but

its middle part is left open for drainage, and into this a drainage

tube is inserted.

After Treatment.—The hand is placed on an anterior wooden

splint, with an obtuse-angled piece of cork, connected to its palmar

surface by means of fused gutta-percha, and a transverse bar of

cork on the under surface, so as to project from the inner side of

the splint. By this means the hand is kept in a state of semi-

flexion, and the wrist slightly extended, and this favours union of

the severed extensors in the most favourable position. The thumb

rests on the upper grooved surface of the transverse bar of cork.

The arm is bandaged to the splint, but the thumb and fingers

are left free. The great objects are—(1) To procure firm fibrous

ankylosis of the wrist, by keeping it in a fixed position for six

or seven weeks; and (2) to secure perfectly movable fingers and

thumb. Passive motion of all the joints of the fingers and thumb,

including the metacarpo-phalangeal articulations, is commenced on

the second day, while the wrist and fore-arm are kept undisturbed

on the splint. The anterior part of the splint may be gradually

removed as the range of passive movement is increased. When

the patient leaves his bed the arm must be carried in a shng, mul;

way between pronation and supination, and, to prevent the han<l



Surgical, Medical, and. Operative. 331

drooping to the ulnar side, two ledges of gutta-percha are fixed to
the ulnar side of the splint—one to support the hand, the other
to keep the splint in proper position.

RESUME of Lister's operation :

—

1. Break down all adhesions by moving every joint freely

after the patient is under chloroform, and then
2. j\fake the radial incision, dividing the extensor carpi

radialis brevior, but avoiding the extensor secundi
internodii pollicis and the radial artery.

3. Separate- the parts on tlie radial side of this incision,

dividing the extensor carpi radialis longior.

4. Separate ti'apeziimi with first metacarpal bone, taking
care of radial artery.

5. Raise the soft parts on the ulnar side of the first incision.

6. Make the ulnar incision.

7. Eaise the soft parts still left on the posterior aspect,
dividing the tendon of the extensof carpi ulnaris.

. 8. Xext raise the tissues in front, separating' the pisifoi-m
bone and hook of the unciform.

9. liemove carpus, divide the bones of the fore-arm, and,
lastly, remove ends of the metacarpal bones, taking
care of the deep palmar arch.

II. The wrist may also be excised by a single Longitudinal
Incision from the back of the radius to the ulnar side of the
tendon of the extensor ossis, obliquely downwards to the middle
of the metacarpal bone of the index finger towards its ulnar side
(Langendeck); or, in the central line of the fore-arm behind
tour inches long, commencing one inch and a half above the
styloid process of the radius, and ending one inch below the
carpo-nietacarpal joints (Spence).

The same principles are adopted as in tlie previous method,
and It is therefore unnecessary to go over the operation in detailAn evident disadvantage of tlie single incision is the absence of
sumc.ent provision for drainage; and, therefore, should this method
bo a<lopted. It is advi.sable to make an aperture for this purpose
through the palmar surface of_ the arm, and stitch up the loiu.
dorsal incision entirely.

'
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Total excision of the wrist, as a"bove described, is seldom

advisable. A rigid anterior splint, with or without elastic exten-

sion of the Avrist joint, to keep the diseased surfaces at rest and

apart, counter irritation, and, if deemed necessary, the hypodermic

injection of iodoform or carbolic acid, combined with good food

and open-air exercise, may check the disease and preserve a useful,

though crippled hand. The arm must be carried in a sling,

midway between pronation and supination, and, most important

of all, caro taken to preserve the movements of the fingers and

thumb, while the wrist joint is kept rigid; in short, it should be

treated with the same care as that bestowed on the wrist after

excision. It may also be necessary to make incisions to let out

pus, and remove disintegrated bone, and scrape away tlie inBltrated

tissues.
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CHAPTER XX.

SPECIAL EXCISIONS
(Continued).

THE HIP.

The term " excision of the hip," as ordinarily understood, n.eans
removal of the head of the femur only, although the acetabulummay also be removed, if thought necessary. Cases requiring this
operation may be classified as usual-1. For Duec2, advanced
stramous disease, accompanied by abscesses, where the patient
IS m danger of perishing from exhaustion, and the disease haspassed beyond the hope of cure by natural means; the usual
"leans, such as complete rest, extension, incisions to evacuate pusand sequestra, scraping, etc., having been patiently tried fnd

fo nfnf .iT "arthritic"foim of the disease), the disease in this case, it is said, havin.

thT"" T^ !r T"^'""^
membrane, the patient recovering

.vcctabulum and the upper epiphysis may often be found lyin^^m a state of caries on the dorsum ilii, or in a suppurating cavit;vith muses leading down to it, but the pelvic bones not Taffected^

^"om ' hecHc'" 'T'^ " '"^^'^'^'^ *° ^^"^ '^'^-^ ' i^-g--i"S ^^-tli

nil 1,7 '^''f''''^'
t° a more useful limb than

?or t iy:l"""f P^^^^^^^ ^ligl^t operation required

V r r^v f-rv^^"' p^^*^^"^ — p-i«on,

Init i^movt n ^-^^^l only so

oL n ,H 'n'
"l-«tic"-a chronic form of blood

l'<^'-^m>.g. llMs condition is {.sually co-existent Avith signs of
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waxy degeneration, as evidenced by enlargement of tlie liver

and spleen, albumen in the urine, and diarrhoea. Even should

there be no sinuses leading down to the joint, if it contain pus,

the sooner it is evacuated and tlie cavity drained, the better-

provided it is done antiseptically—for there can be no hope of

"absorption" taking place, matters simply going from bad to

worse. At the same time aU loose pieces of bone should be

removed, the diseased surfaces scraped with a sharp spoon, and

the limb then put up in the best position for ankylosis, cither

by the long splint, or weight and pulley ; after ankylosis, the

increased mobility of the lumbar vertebrEe make up for the stifl

lup joint In the, fortunately, less common, form where the

disease berrins in the acetabulum, the natural termination of such

cases is death; in them, therefore, the Surgeon is bound to

interfere and excise the joint to provide sufficient drainage for

the pelvic abscesses and the removal of loose pieces of bone

Excision for disease in atUlt life is almost uniformly fatal, and

the operation is therefore confined to childhood and youth 2. l^or

w,,,,,_compound fracture of upper part of femur, and the rare

conditions of compound dislocation and gun-shot injuries. 3. t or

the Remit of Disease or Injury, the hip joint ought never to be

excised for osseous ankylosis in a bad position.

'

The proper treatment for Osseous Ankylosis in a bad position

is-fn To perform subcutaneous section of the neck of the femur,

as practised by W. Adams; or (2) Gant's operation of subcutaneous

section of the shaft below hoth trochanters, an operation that

may be performed in many cases where Adams's operation is

imm-acticable ; or (3) Saybe's operation of division a&o.e the lesser

trochanter, with concave section of the upper, and convex of the

lower part of the divided bone, so as to form a kind of artific a

ioint In all cases the limb is then brought down to the straight

position The objections to Adams's plan are-(l) Leaving saw-

Tst in the deep part of the wound, and (2) the risk of punipmg

Tseptic materials during the use of the saw. To get rid o the e

dangers Professor Chiene divides the bone with Macewen s knock-

knee osteotome. .. ,ffl,„Jn;„t

For the control of haemorrhage during excision of the joni
,

apply the elastic tourniquet, as in amputation at the hip joint.
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It may be excised-(l) by a semi-lunar incision with its concavity
directed forwards, commencing midway between the great trochanter
and the crest of the ilium, along the posterior aspect of the great
trochanter, or (2) by a longitudinal incision, and -then a cross one a
little above the great trochanter-T- shaped incision. The vertical
part of the incision runs somewhat behind the great trochanter,
and either has a transverse incision across its upper end, making
It T-shaped, or simply a hook-shaped curve, with the concavity
upwards and forwards towards the head of the bone. (3) A sim,.le
straiglit longitudinal incision, four or five inches long, along the
Vostenor border of the great trochanter may also be used. The
vessels are few at the posterior border, the bone is nearest the

po erful external rotators. In all cases of excision for disease it
ull b most convement to begin with a straight incision, it may beh ough exisfcmgsinus^

and, iHound too lar gone for excision, it can readily be transformedmto Jordan's amputation.

EXCISION FOR DISEASE.

tudi^J^l
^^"""'^ '''''''^ then a longi-

.^ca trochanter, the upper end of the incision being carried for-

he T-shaped incision may be used. The limb is carried acros

boL th! rrr^'i' ''^^ ^^^^^^^^^
bone, the gluteal muscles and the remains of the capsule divide.lby a probe-pointed bistoury; then the assistant still Tr^e

t?itu^^^^^^^^^^^ T-f, ;fpushes It upwards tiU the upper end of the bone is exposed and

ct'' f; n? 'T'^'l'
situatfon of

l^t 1 n~ I' l^ead Of the femur

n he alt ^7 '^'^^
b^^ n

L trocht^^^^^^^
the neck, leaving

' I of iJ^s 1 '''''' Souged out of the upper

uid eu^ed n H
'"^^ ^^oto^.nlu.n examined

case admits ol sucli a thing; this is done by a 1- shaped
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incision, the longitudinal part being over the great trochanter, and

the transverse round the bone below the great trochanter; the

two halves are then turned aside, with the attached muscles, by

a strong periosteum elevator. In this way the periosteum is not

stripped off the upper part of the shaft to an indefinite extent,

which is otherwise apt to occur.

At the present time Surgeons are coming more and more to

the belief that early interference is the proper course to pursue

in cases of strumous arthritis of the hip joint; the treatment

adopted is a mixture of " Arthrcctomy " or "Erasiou" and excision

—removal of the limd of the bone, sharp-spooning carious cavities,

and removal of every trace of diseased synovial membrane with the

scissors, knife, and sharp spoon, carefully cleariiig out all caseating

foci, and afterwards irrigating the wound thoroughly with solution

of the bichloride or carbolic lotion, drying and dusting with

iodoform, which seems to have a special germicide action on the

tubercle bacillus. The disease usually begins in the head of tlie

bone, at the epiphysial line; and the object aimed at is excision of

the head with the least possible disturbance of parts; the incision^

should be as limited as possible, and the bone divided in situ—

not dislocated first, as in the older operations. The incisions used

are principally two in number :

—

1. White and Langenbeck's Method (Fig. 66).—The patient lies

on the sound side, and the diseased limb is semiflexed and adducted

and a straight incision made over the head and neck of the bone, m
the direction of the fibres of the gluteus maximus (i.e., in a direction

from the posterior superior iliac spine to the middle of the great

trochanter). The incision begins two inches above the tip of the

trochanter, and passes downwards for an inch and a half along

the outer aspect of that bone, the whole incision being from three

and a half to four inches long. The capsule is opened, the edges

of the wound held aside, and the neck of the bone divided with a

narrow saw, or better, Macewen's osteotome, outside the diseased

point ; in order to secure freer access, some split the trochanter

vertically without disturbing the tendons.

2 Hueter and Parker's Method (Fig. 67).—The patient lies

on his back with the limb fully extended, and a straight incision is

made from a point immediately below the anterior superior spinous
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Fig. 66.

Excision of Hip by Posterior Incision.

(White and Lanqrnbeck's Incision.)

337

Fig. 67.

Excision of Hip by Anterior Incision.

(HuETER and Parker's Incision.)

Glutei

Tensor Fasci.i

Femoris

Hc-etus

Savtorins.

Y
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process of the ilium downwards and slightly inwards for three or

four inches; this incision passes between the tensor fascia femoris

and the glutei muscles on the outer side, and the sartorius and

rectus on the inner side. The capsule is opened at the upper part-

of the incision, but the Y-ligament should be left as far as possible

undisturbed; the bone is removed as in the last method, the aceta-"

bulum and the rest of the joiut examined and treated according

to circumstances. The patient rests in bed with his leg extended

and steadied by a light weight and pulley. The only apparent

objection to this method is the absence of free drainage ;
but if

the wound be kept aseptic, little drainage is required, and in any

case it is very easy to make a posterior opening for this purpose.

The special advantages are— (1) No muscles are divided; (2) no

vessels or nerves of any size are divided ; and (3) the anterior

wound allows of the early application of a double Thomas's hip

splint, so that the patient can be taken out of doors and get the

benefit of fresh air almost from the very first (Barker).

EXCISION FOR INJURY.

Excision for injury, or in the dead subject, is a much more,

difficult operation. The patient is placed on the sound side, and

an assistant holds the thigh, slightly flexed, while the operator

is making the first incision. Either the semi-lunar or the simple

straight incision may be used ; the other incisions described above

may°also be tried, for the sake of practice. The incision must be

carried right down to tlie bone, so as to clear the posterior aspect

of the great trochanter, passing through the skin, superficial fascia,

with its vessels and nerves, the deep fascia, and dividing the three

glutei muscles, pyriformis, obturator mternus and gemelli, obturator

externus, quadratus femoris, and part of adductor magnus. The

operator may next remove the overhanging upper part of the great

trochanter, as this wiU enable him to divide the capsule and bone

much more easily; farther, its removal will allow of better dramage

of the acetabulum. The assistant now everts the foot, while the

Sur<^eon divides the remaining structures on the outer side of the

grea°t trochanter, as weU as the muscles attached to its anterior.,

aspect, chiefly the gluteus medius and minimus, and part of the

vastus externus and crureus; the foot is then inverted, and the
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operator divides the posterior part of the capsule of the joint
and the cotyloid ligament. The neck of the bone should then
be divided in situ—i.e., without dislocation of the joint, with as
little disturbance of the parts as possible, the strong anterior part
of the capsule being preserved. After division the head must be
seized by a lion forceps, and, by means of cutting and twisting
dissected out. In cases where the bone is divided in situ, above
the great trochanter, it will not be necessary to disturb the
structures much towards the anterior aspect of the joint. All
bleeding vessels must now be secured; and the vessels most Hkely
to be divided are those in the neighbourhood of the upper part
of the great trochanter—viz., branches from the deep division of
tlie gluteal artery; branches of the sciatic artery, and the ascend-
ing branches of the external ch^cumflex branch of the profunda-
and probably also branches of the obturator, and the internal
circumflex branch of the profunda-all of which arteries aive
nutrient branches to the hip joint.

After Treatment.-An interrupted long splint, with iron
brackets opposite the wound, to allow of easy dressing, may be
required, to prevent the femur protruding at the wound The
usual treatment, however, is by the weight arid pulley, the foot
ot the bed being raised, and part of the patient's own wei-ht
acting as the counter-extending force. When the wound is parlly
healed Thomas's hip splint may be applied, and the patient
allowed to go about in the open air as much as possible. Bony
ankylosis ,s rai;e (Holmes). The shortening is usually y^..
considerable, and a high-heeled boot will be required as welf al'^
stalt, and probably a crutch.

THE KNEE.
As excision of the knee stands, as it were, on the border-land

between amputation and excision, it is necessary that great care

hVo^:::::' " '^:.^f^^
«^ --^ - p-pe'iy selected

he operation IS strikingly successful, but in badly selected cases

hows ! h \ f
The history of the operation

xc In I
amputation. Cases requiring

destruction of the cartilages and limited disease of the bone
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2 For In^w^j, as lacerated wounds of tlie joint, compound frac-

ture compound dislocation, and gun-shot injuries. 3. For Re>iulU

of Disease or Lijury, as ankylosis in a faidty or useless position.

Speaking generally, in a proper case for excision the followmg

conditions are necessary The disease should he Umited

not involving the epiphysial cartilages. (2) The patient should .

he conmtdmially healthy; there should he no evidence of such a

constitutional affection as the tubercular, nor should there be waxy

disease of internal organs. (3) The condition requu-mg it should

be the result of an accident and not the expression of constitutional

mischief, in which case excision would do no good. (4) It must be

in the chronic stage. (5) There should be no sinuses leadmg down

to suppurating and septic cavities; if such exist, then the operation

of excision should only be used as an exploratory measure, with

everything ready for amputation there and then if necessary.

What amputation to perform will necessarily depend on the state

of the case-the five more likely, in order of trial, are Garden or

Geixti at the knee, Spence, Tealb, or the " modiiied circular

at the lower third of the thigh. (G) The patient should not be^

too >m as the epiphysial lines are near, and if injured or

removed,' the growth of the limb will, to a great extent, be

checked; fourteen or fifteen is considered the most favourable age,

but it may range from fifteen to thirty years of age. Mr Gant,

it is true has operated successfully on cases at the advanced age

of fifty-three, but such examples are rare, besides, m young

children there is a probability of recovery without such a seveij.

operation; rest, incision, scraping, and drainage may work

wonders. Further, in children the joint disease is probably only

a symptom of profound constitutional cachexia. (0 The pa lent

should not be too old, for then the reparative power will be

deficient to unite the bony surfaces and fill up the large cavi^tj

beyond thirty, as a rule, it is better to amputate (8) The patient

should be in the prime of life, and free from aU visceral disease,

and able to bear the long confinement to one position, necessary

to procure firm, bony ankylosis.

Arthrectomy or Erasion of the Knee Jo.nt.-A^^hen cases oi

strumous or tubercular arthritis are seen early enough, this opera-

tion may not onlv cure the disease, hut even leave a movable joint,
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without any shortening of the limb. The incisions resemble those
used for excision, probably the best being the U-shaped incision
using either one or both halves, if possible without division of the
ligamentum patellae; or the ligament may be divided and then
sutured at the end of the operation ; or again, the tubercle of the
tibia may be chipped off with a chisel, leaving the ligament
attached to it, and subsequently wired to the tibia. Some again
use the straight incision across the front of the joint with transverse
division of the patella, the two halves being subsequently wired
When the joint is exposed, the diseased synovial membrane is
carefully clipped away or dissected up en masse; carious cavities
or caseous foci, about the epiphysial lines, are gouged out with a
sharp spoon, tlie part washed thoroughly with sublimate solution
dried and dusted with iodoform. The after treatment is the same
as for excision.

In excising the joint four forms of incision may be used
1 Ihe H-shaped-a longitudinal incision, at the outer and inner
sides of the joint, united by a transverse one in' front, across the
pateUa,.or above it as originally practised by Verneuil; this in-
cision necessitates an unnecessary amount of division of textures
^. A single longitudinal incision in the axis of the limb, from
three inches above the patella to below the ligamentum pateUe^;
this form of incision has no advantage here, as in the elboAv
joint and besides, it gives no opportunity for proper drainage.

Ltdir. t'^''^ ^r'"^"^
''""^'^''y downwards, andextending from the posterior margin of one condyle of the f^mur

0 the posterior margin of the other, passing below the patella,
the lowest part of the curve nearly corresponding to the uppemrgin of be head of the tibia. 4. A straight incLion across^'he

Mpd / ^
. V-ten. being

1
vided transversely; very often this does not give free enoucdi

Talll Tt?^
supplemented by vertical lateral incisionTs

fornf^lf tisiM '"'^.i''''^''''^
^« the best

10. ni of incMon, as there is not the same objection to cross incisions
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in excision of the knee joint, as there is in excision of tlie elbow

joint • the object aimed at in the former (the knee joint) is not

a movable articulation, and, consequently, a cross mcision is an

advantage, as the cicatrix tends to contract and keep the parts tight

in front. Position of the patient.-He should be m the recum-

bent position, his knee being slightly bent (probably already so by

disease) and is firmly held by an assistant seated m front of the

patient, or facing the operator, so as to present the knee vertically

to the Surgeon, his one hand grasping the thigli and the other hand

the leg, while the foot rests firmly on the table. If assistants are

Fig. 68.

Excision of Knee.

VI111IRI111\\A\\\\

Transvorso luoisiou

Hovso-shoo Incision

plentiful, two may be employed instead of one-one to hold the

and the other the thigh. The Surgeon, standing on he right

sidL of the limb to be excised {e.g., if it is the right knee, he

stands on the outer side of the limb), makes the horse-shoe mcision

accordin.^ to the rules already given; by this incision the mtegu-

mentary°structures, and the ligamentum patella are divided and ,

he patella turned up in the elliptical flap. The iniier end of thi

ncisln need not be made so far back as to divide the mterna

saphena vein, but the operator need not have any scruples abo^it
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clividiug that vessel should it be in his way ; besides to cany tlie
horns of the incision well towards the posterior part of the lateral
aspect of the condyle will favour drainage afterwards. The knee
IS now to be forcibly flexed while the Surgeon divides the lateral
ligaments, which allows slight separation of the bones, and he next
divides the crucial ligaments by cutting down upon the head and
spine of tibia, so as to avoid any risk of injury to the popliteal
vessels. The bones are now held semiflexed, and the femur raised
so as to project its condyles, which are then to be cleared for the
saw, the bones of the leg being at the same time pulled towards
the table. The part to be removed is then grasped with the lion
forceps and held by an assistant while the Surgeon himself steadies
the thigh, and choosing a broad-hladed amputating saw divides thefemur through the highest point of the articular surface, and atngh angles to the shaft, in the antero-posterior direction, but
paraUel with the articular surfaces in the transverse-"^,«m«.? to
the condyles, and perpeiidimlar to the shaft" (Heath), in order
to avoid any tendency either to knock-knee or bow-le- The
eg IS .^ow forcibly flexed by carrying the foot backward, so asto project the head of the tibia, which is to be cleared for the

JuLh ""tT f ' ^^""^P^^^*^^^ the vessels behind be

II". ?v 1

'^'^ '''^^'^ charge,

1 \" ?'n" " ^"^^ ^"W-rted vertical^yhde the operator holds its upper part firmly with his left handand removes a thin slice with the broad-bladed saw. The section

att to tT '''''''' "^'^ St
dW right angles to its shaft in bothdirections In using the broad-bladed saw, the section of bo hfemur and i.bia as the Surgeon now stands, is made from befo^backwards; but if preferred a Butchek'b saw may be used and

/thilTn'tf
'''''' '^'^1 irao^t^

normalTCcT'"rr'%""?^'" '''''' ^"^^"'^ their

oX iP^h^W^quity the guide given by Ea.CH.KN is the fol-lowing The patient lying flat on his back, tlie thigh is flexed



344 Applied Anatomy:

to a right angle, and adducted till the inner side of the knee corre-

sponds to the middle line of the body; the saw is then to be held

parallel to the surface of the table." There are two objections to

sawing the femur through the highest part of the trochlear surface,

' as is usually recommended—(1) The section will usually be above

the broadest part of the condyles, and more especially during the
^

growing period of youth ; and (2) in ' young persons the lower

epiphysis will be entirely removed—this epiphysis does not unite

with the shaft till attaining twenty years of age. But is it necessary

to go so high % It may in some cases, Avhere the disease has spread

a considerable distance from the articular surface; but, as a rule,

in proper cases the section may be made through the broadest part

of the condyles, and any remaining cartilage -pared off -with the

knife or removed from the trochlea by Butcher's saw, cutting

round the bone, or else by the bone forceps. The operation of

clearing the bones must be conducted very carefully, keeping the

edge of the knife close to the bone, on account of the proximity of

the large popliteal artery and its articular branches, especially in

cases of pathological distortion. The Superior Internal Articular\

passes round the femur, above the internal condyle and under the

tendon of the adductor magnus, and the Superior External Articulnr

passes round immediately above the outer condyle; the Inferior

Internal passes below the internal tuberosity of the tibia, between

the bone and the internal lateral ligament of the joint, and the

Inferior External passes above the head of the fibida, but beneath

the external lateral ligament and the tendon of the biceps. The

Azygos Articular enters the joint by piercing the ligament of •

.

WlNSLOW.

The Patella, if much diseased, should be removed ;
if only

slightly, it should be denuded, as in Geitti's amputation; if

healthy, it may be left. As a rule, it ought to be removed, as it

is of no use, since it does not keep the bones together
;

it may

further interfere with drainage in the early stages, and disease may

break out anew in it afterwards. The Ai-teries likely to be divided

in this operation are those taking part in the general anastomoses

around, or in the joint, viz. ;—The five articular branches of the

popliteal already mentioned, together with branches from the

anastomotica magna of the femoral, and the recurrent articukr
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braucli of the anterior tibial artery. The flap is then turned down
and fixed by sutures, and though no doubt it seems very redundant,
It should not, I think, be curtailed. Drainage tubes are to be
inserted into the posterior angles of the incision, hence the necessity
of beginning and ending the incision towards the posterior part of
the two condyles, and carried well upwards into the highest limits
of the synovial pouches.

The mode of procedure in this operation should vary somewhat
according to the disease present. In cases where the bone or the
cartilage is principally affected, the semilunar incision should pass
at once into the joint and through the ligamentum patella, all the
tissues m front of the joint being turned up as a single flap; but
in well marked strumous arthritis chiefly afi-ecting the synovial
membrane (" pulpy disease" of the synovial membrane) it should
only pass through skin, fat, and fascia, and these tissues be turned
up as a separate flap from ofi^ the thickened synovial membrane
and patella, the membrane and patella being dissected out en masse
afterwards.

The joint may also be excised by an incision straight across
tne frdnt of the joint from condyle to condyle (see Fig. 68) The
patella is then divided transversely, one-half turned up and the
other down, the joint excised as in the previous operation. At the
conclusion of the operation the two halves of the patella are fixed
together by wire or catgut suture. This form of incision does very
well m cases where one is gicite certain that the excision will not
l.ave to be transformed into an amputation, either when the patient
1.S stiU on the operating table, or in the near future ; otherwise
It should not be adopted, else the amputation will have to be
performed at a much higher level, in order to get sufficient flap
ength, than it would, had the semilunar incision been used in
the first instance.

usn^i?'' '^'''l^'f^--^'-'^^^^^
forms of splints are used; they

usually consist of a padded back splint, reaching from the fold
0 the nates to near the heel, and a long interrupted external

bv : v Vt ^'""^ ^"-^tl^"^^ i« that devised

7on r I f n^''""-
'""'^^^^ ^''^ parts A suspen-on rod of iron (Ing. 69), extending from the groin to the foot;tbc upper part i.s straight, tlien. there is an arch over the joint, a
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straight part again for the leg with a hook (a) near the ankle joint,

for swinging the limb; and, lastly, a raised part running along

the dorsum of the foot. 2. Modelled Gooch splint (Fig. 70), long

Fig. 69.

Iron Suspension Rod.

a—Hook for swinging the Limb.

enough to exteiid from tlie tuberosity of the iscliium to beyond

the heel. It is scooped away opposite the joint, and there is an

aperture at the lower end, corresponding to the tendo achillis and.

Fig. 70.

Modelled Gooch Splint.

(Watson.)

heel, like a stirrup, the two sides folding up on each side of the

malleoli, Avhile the os calcis is in no risk from pressure. The splint

is well padded and covered with gutta-percha tissue opposite the

Fig. 71.

Another Form of Watson's Splint.

wound, and the leg placed upon it. Next, the iron rod is laid

on in front, with folded boracic lint between it and the limb

at the groin, upper part of tibia, and ankle. Over all is to be
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placed abundance of cotton -wool and then open icove roller

bandages, applied from the toes upwards, and the whole rendered
immovable by plaster of Paris applied above and below the knee.
The limb is swung from the pulley of a Salter's swing, or from
the top bar of an ordinary cage; the foot and -leg being slightly,

but not too much, raised. By this means the wound can be readiiy
dressed without disturbing the splint or moving the bones; this

method, of course, presupposes that the wound will require to be
frequently dressed. In cases where it is hoped it will not require
to be dressed frequently, a light weight and a well-padded "box"
splint, extending from the upper part of the thigh to near the
ankle joint, may be used. To maintain the bones in apposition,
MoRRANT Baker uses two strong steel pins, which are made to
transfix the tibia and bury themselves in the femur, crossing
each other like the two parts of a St Andrew's cross ; the pins
are removed as soon as they become loose. Mr Howard Marsh
uses ordinary bone knitting-needles instead of steel pins; they
are cut short and left permanently in the bone. Others, again,
use silver wire or strong catgut sutures. The limb may be kept
in this position for an average period of three months (it may be
more or less), necessary to procure firm union ; for other three
months it shoidd be encased in a starch bandage, and gradually
brought into use for support and progression. When the bones are
completely consolidated, a boot with a high heel will be required,
to compensate for any shortening of the limb, usually from one to
three inches.

RESUME of the foregoing operation :

—

1. Make the horse-shoe incision across the front of the
joint and turn up the flap.

2. Forcibly flex the joint and divide the lateral ligaments.

3. Separate the bones slightly, and divide the crucial liga-
ments by cutting down upon the head of the tibia.

4. Clear and saw the femur ; make cut parallel with the
condyles, but at right angles to the shaft autero-
posteriorly.

5. Clear and saw the tibia, making the cut at right angles
to the shafts in both directions.
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If the transverse incision be used :

—

1. Make the incision across the front of the joint, from

condyle to condyle, down to the patella.

2. Saw the patella transversely, then forcibly flex and

open the joint.

3. Free and turn up one-half of the patella, and the other

half down^\^ards along with the corresponding flap of

soft tissues.

4. Divide the ligaments and bones as in the previous

operation.

5. Suture the patella with silver wire or catgut.

6. Introduce steel or bone pins into femur and tibia in the

form of a St Andrew's cross, as looked at from the front,

or a couple of silver wire sutures.

THE ANKLE.

This is an operation but rarely performed; many Surgeous are

strongly opposed to it, believing that amputation at the ankle

• joint is preferable. It may, however, occasionally be performed

with advantage; cases appropriate for the operation may be

—

1. For DisecLse, provided that the disease is strictly limited to

the ends of the tibia and fibula, and the articular surface of the

astragalus, and that the operation is performed before constitu-

tional exhaustion has supervened. In cases of tubercular disease

of the joint, if at all advanced, excision should be viewed with

suspicion. The great risk of constitutional infection must not be

forgotten—tubercular disease of the testicle, tubercular infection

of the lung, and finally, tubercular meningitis carrying oif the

patient ;
Avhereas, in all probability, had the foot been amputated •

as soon as the disease was discovered, the life might have been

saved; it is the old story, "penny wise, and pound foolish"

—saving a foot but losing a life. 2. For Injury, as compound

fracture of the malleoli, compound dislocation of the joint, and

gun-shot injuries, provided the patient is in the prime of life

and unaffected by constitutional disease. In such cases it is often

merely a dressing of the ends of the protruded bones, or removal

of loose pieces, or disarticulation of the astragalus through the

original wound.
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There are various forms of incision used:—1. Hancock's An
incision beginning behind and about two inches above the external
malleolus, carrying it forwards beneath that process, then in front
of the ankle joint, and terminating about two inches above and
behind the inner malleolus. This incision must not penetrate
beyond the deep fascia, so tliat the tendons and their sheaths
are uninjured. 2. The best method is by means of two Lateral
Incisions passing below the two malleoli—one along the inner
and posterior margin of the tibia, beginning about two and a
half inches above the internal malleolus and passing below it, and
then curving forwards round it towards the tendon of the tibialis

anticus
;
the other is of the same extent and form, and is made

along the outer margin of the fibula, curving round the external
malleolus and forwards towards the tendon of the peroneus tertius.
It is better to cut rather on the posterior edge of the hones, and then
use a periosteum elevator to turn off and raise up the tendons
m their sheaths

; in this way they are protected from injury.
This incision closely resembles Barwell's, only he turned forwards
at the malleoli at an angle and not in a gently-rounded fashion; it

is simply Eancock's without the anterior connection. 3. It is also
possible to excise the joint through the External Incision alone
(Buchanan), with, should the disarticulation prove difficult, a
short straight incision over the internal malleolus, just suificient
to enable the operator to divide the internal lateral ligament.
Whatever method be adopted, there must be no division of
tendons, not even those that act primarily on the ankle joint
proper; because, though the ankle joint be ankylosed, yet the
numerous joints in front of this become more mobile and to a
great extent make up for it.

By the Two Lateral Incisions.—The limb is emptied of blood
by vertical suspension as usual, and the elastic tourniquet applied
a little above the knee. The foot is laid on its inner side, and
tlie Surgeon, standing in front of it, makes the external incision
on the posterior edge of the fibula, according to the rules already
laid down; the flap of skin is then dissected upwards, so as to
expose the external malleolus and the lower end of the shaft of
the fibula. Tlie deep fascia and periosteum are next to be divided
on the posterior edge of the fibula, and the pcrouei tendons
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(longus and brevis) carefully turned aside in their groove behind

the external malleolus by a periosteum elevator, so that the

operator can pass his finger behiud that bone ; the tendons are

then held aside with a blunt hook, and the external lateral liga-

ment divided. The external malleolus is then grasped with the

lion forceps, while the bone forceps or Mackwen's chisel is used to

divide the fibula opposite the upper limit of its articular surface

—immediately above the broadest part of the malleolus, after

which it is to be twisted out. The foot is now turned on its

outer side and the inner incision made on the posterior edge of

the tibia, the flap dissected np as before, and the deep fascia

and periosteum divided on the posterior edge of the tibia ; the

structures at the inner side of the joint are then to be carefully

separated from the bones by a periosteum elevator— tibialis

posticus, the long flexor tendons of the toes, and the posterior

tibial vessels and nerves, keeping close to the bone for the sake

of the vessels. These being held aside, the internal lateral liga-

ment is divided, or the internal malleolus may be treated as the

external, being divided Avith a small saw, or Maceaven's chisel, and

then twisted out. Next, by a forcible wrench, dislocate the foot

outwards, so as to make the astragalus project at the external

wound, where its articular surface is removed, or the whole bone

excised, according to the extent of the disease or injury. After

this the tibia is protruded at the same wound, cleared, and

divided. Some Surgeons prefer, the soft parts being held out of

the way, to pass a narrow-bladed saw tlirough the wounds, and

saw the bones across longitudinally from before backwards, first

the tibia and fibula, and then the astragalus ; but the bones can

be quite easily cut across with the Macewen's osteotome in situ,

and without the risk of leaving sawdust in the wound, and with

less disturbance of parts. Branches of the anterior peroneal artery,

and perhaps some of the malleolar twigs, will require ligature ; the

wound should be drained from the external, or from both incisions.

RESUME :—

1. Make the external incision as directed, and separate the

structures round it with the periosteum elevator.

2. Remove the external malleolus.
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3. Make the internal incision as directed, and separate the
structures behind and below it very carefully, for the
sake of the vessels there ; if a knife be used, keep its

edge directed to the bones.

4. Eemove the lower end of the tibia with the osteotome,
cutting from the inner side.

5. Examine the astragalus, and dress or remove it in whole
or part.

6. Clip off or pare away aU diseased synovial structui-e as
far as possible.

Note.— Division of bones to be effected with Macewen's oste-
otome, and without previous dislocation of the parts, if possible.

After Treatment.— The method adopted is of little conse-
quence, provided the following conditions are fulfilled :—(1) To
keep the foot at HgU angles to the leg; (2) on no account to
allow It to become everted, a little inversion is of less consequence;
and (3) it must be maintained in this position during the period
necessary to secure firm fibrous or osseous ankylosis—probably not
less than three months—of the ends of the tibia and fibula with
the astrag9.1us. For this purpose some means must be adopted
to dress the wound without disturbing the splint or moving the
bony surfaces, e.g., some method like that adopted by wItson
for knee joint excisions. When the parts are fairly consolidated
the leg must be fixed up in some kind of immovable dressin-
and gradually brought into use.

°'

THE MICKULICZ-WLADIMIROFF OPERATION.
Osteoplastic Resection of the Foot.-In this operation the

ends of the tibia and fibula, the whole of the astragalus and
OS calcis, and the articular surfaces of the scaplioid and cuboid
bones are removed. It has been performed in this country bv
.Sir \\ iLLiAM MacCormac, in a case where the disease was limited
in the fii-st instance, to the os calcis and astragalus, only involving
the adjacent joints secondarily, but where the soft parts coverin°
the heel were much infiltrated and riddled with sinuses; the
patient further wished the foot preserved at all costs. The patient
18 placed m the prone position, and the incision must go -down to
the hone at once; the Surgeon stands facing the patient's foot.
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Fig. 72.

MiCKULicz's Operation.

Skill lucisiou—

Fig. 73.

Foot after Mickulicz's Operation.

(After MacComiac.)
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(1) iACake an incision (i^ig 72) across the sole of the foot from apoint a httle in front of the tubercle of the scaphoid to a point
just behind the tuberosity of the fifth metatarsal bone; if it be
the right foot the knife is introduced on the inner border, on the
lelt foot It begins on the outer border. (2) From the extremities
ot this incision make two other incisions to the base of each
inalleohis; and (3) unite tlie ends of these by a transverse cut
across he back of the ankle. (4) The foot is next hexed, the
lateral ligaments divided, and the ankle joint opened from behind
and disarticulation completed. (5) The foot is still further flexed
the soft parts are carefuUy separated from the front, and disarticu-
lation performed at the medio-tarsal articulations, as in CnorART's
amputation, and in this way the astragalus, the os calcis, and the

ends of the tibia and fibula, with the malleoli, and the corres-

I^^oTh'^T;/f' '"^'"^ scaphoid, leaving the anterior
pa t of the foot at ached to the leg by a loose bridge of soft parts.
(/ I^ext, bring the foot into a straight line with the leg and

tlZ %TV"''"^. 1
''''''''' ''''''™ - ^-g-- •

rlly ^ \ °^ ^P^"^^^' ^"^^S'"g the toes intoa position of complete dorsiflexion. The result is an artificialUU^pes e,u.u.. The limb afterwards is about a couple of inchonger t, ,ts fellow; the toes and metatarsal bones are preserved

me atart T ""n''^ ''''''''' ^^'-^"^ - ^he ends of thmetatarsa bones like the digitigrade group of the cai^ivora (lions
igers, cats, etc.) (Fig. 73), the foot being fitted with a spechi

T^l;^-^' ^^-^ ^-^es taller

z
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CHAPTER XXI.

DISLOCATIONS.

Before describing tlie dislocations of the upper extremity in detail,

let me say a few words about

THE ANATOMY OF A JOINT.

From the Surgeon's point of view, and for the purposes of

Pathology, a joint may be regarded as consisting of three essential

parts-(l) The synovial membrane, (2) the articular or encrusting

cartilage, and (3)' the bone. Some joints also, as the knee, possess

inter-articular fibro-cartilages, and round about all joints we have^

ligaments and soft tissues, hut these structures are usually only

alfectcd secondarily.

1 The Synovial Membrane.—This structure resembles to a

crreat extent, in structure and relations, a serous membrane
;

its

communication with lymphatics, however, does not seem to be so

intimate as the latter structure, so that effusions into its cavity

are not so readily absorbed again as in the case, for example, o the

peritoneum. It lines the inner surface of the ligamentous structure^

surrounding the joint, and is reflected from them on t. the .s^^

ends of the bones, but stops short at the edge of the aiticuL

encrusting cartilage, at least in the adult; in the --'ly-^^™
^^^^^^^

it probably covers the encrusting cartdage as well.
.

I °"Sl

mention, however, that Mr Bkyant holds that even m the advUt

t cover; the encrusting cartilage, a view also left on record by

the late Professor S.bnc. In the case o joints -.tainin^ u^^^^^^

articular fibro-cartilages, we find that both sides of such ^iik^

ure covered by a complete layer of synovial membrane and fuithU

Tjoil conLining inter-articular ligaments we find the synovial.
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membrane prolonged and reflected upon tliem in the form of a
tube, so that they are allowed to traverse the cavity of the joint
without actually entering it-for, being outside the synovial mem-
brane they are also outside the joint, since tliis membrane is the
division between the inside and the outside of any joint The
intimate relation that the membrane bears to the fibrous structures
round the joint is important from a pathological point of view for
diseases of the membrane are very apt speedily to involve 'the
hbrous structures, as, for example, in the case of rheumatic andstrumous inflammations; in tlie former it is apt to lead on to
cicatricial contraction and fibrous adhesions, outside as well as
inside the joint, causing false external and false internal ankylosisIn the latter (drmnous artlvriiu), while the swelling has at first
t
l

e shape of the synovial cavity, yet very soon the ligaments ofthe joint become gelatinised and soft, and readily yield, and then

Xnlrr"" " ^'f
'^^^^'^^'^'^^ Slobukr appearance,uth lateid movement of the articular ends of the bones; thi,Mr.kape,s the shape naturally assumed by fluid and sem«olid bod.s when left free from the action of gravity, or f

"
.sistmg forces, such as strong ligaments and fascL, as .e see n

InT
^3'sts, and in rapidly growing s'oft malignatumours. In strumous arthritis, further, the pulpy membrane inpears to creep in from all quarters over the aLZ carti

"
iS

J

ivy over an old wall, softening and pitting it by its granula i°on-l keprolongations, and leading to its complete\li3oi^^^^^^^^

uilai ends of the bones, and is of the hyaline variety tlie /oneS arr ""'1 T -^^^-^^^ witlf lime si? :0 calcified and here and tliere a cartilage cell may be observedbecoming transformed into a bone corpuscle. The ceUs too a 0pecuw
1 t,eii. arrangement: near the articidar sLS e ' tiT;flattened transversely, a little lower down they are in inZ.Z

aisL instil ff' clestruction; the eel s, in

lyin- iu fv Ho u ? ' '""^ ^"^^^ "^'-^^ses of cellsyn.o m cavities in the cartilage without any capsule round them.
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After this neighhouriug spaces coalesce and open on the free

surface, and in this way the matrix is split up into bands or fibres,

and very soon the ends of the bones are bared.

Cartilaoe, in health, is non-vascular, and therefore depends for

its nutrient supply on the blood-vessels of the adjacent bone, and

the synovial membrane at its edges ; in joints containing inter-

articular ligaments, as the hip, the cartilage will, no doubt, receive
^

nourishment from the blood-vessels passing along the ligament,

and from the tube of synovial membrane surrounding it. The

cartilage is sufficiently porous to allow lymph to percolate through

it and° in this way it receives its nutrient supply. So far as I am

aware nerves have not been found in cartilage, and it is therefore

devoid of sensibility. The intense pain experienced when a loose

bodv is caught between the articular surfaces is probably due to

the stretching of the ligaments; and the pain in "ulceration ot

cartilage" is due to pressure on the exposed sensitive bone forming

the floor of the ulcer. In diseased conditions, however, blood-

vessels may be seen shooting up into the cartilaginous matrix.

The cartUa^o does not rest immediately upon the cancellous tissue,

but thin crust of compact tissue, the so-called " articular
,

bone This layer is destitute of Haversian canals, and is there-

jbre non-vascular ; further, its lacuna, are very large and have no

canaliculi. It is thus whiter in colour, and less porous than

0 diity bone, and it is, in all probability, the destruction of tins

layer tU giVes rise to the intense "starting pains" following

destruction of the cartilage of incrustation.
•

From its intermediate position, and from its own pecuhar vital

relations, diseases of the cartilage
-r"^"^^.r?°"tld th^

'

of the bone or synovial membrane; by some it is stated that the

d sease known as a/.romc i2/««f/c ^.^/,r.Y/s, m the great majority
.

0 cTses, begins in the cartilages. Disease may also be induced

primarily by a traumatism, as a contusion of the joint, frequent],

CTn the'case of the hip, whereby its vital connections with the

underlying bone are destroyed and a central ulcer is formed

3 The Bone.-The articular ends of the bones consist of spongy

Lllous tissue with a layer of articular bone immediately
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forms a very important arrangement for diminishing the effects ofshock The articular ends of bones have a different blood supplyfrom the rest of the bone, being supplied by the articular arteries

_

Ihe diseases of the articular end of the bone are generally of an
inflammatory nature, the chief being Uchemdcn^ ostitis; this condi-

vav totr ^t^^^^^^^^^-t-^'-^l -cision, is very apt to make itsa to the surface attack the cartilage, and open into the joint, andlead to complete disorganisation of the articulation.

NOTE ON DIAGNOSIS OP JOINT DISEASES.
1. The great feature of synovial disease is swelling and the

caaises usually either s,n,le ^novitis or tubercular al^^ Lformer maintains the shape peculiar to the synovial membrane
throiighout Its entire course, and uniform fluctuation can usual"

whe
'

;

'\''' '''^'^'''-^^ -ore especially at those point^

flu tuation ^'T °' '''' "'^"^^^^^^'^^ "-t-d
01 fluctuation it gives a pecuhar pulpy or doughy feel •

later thejoint assumes the characteristic globular sha/e, 'lue to oSn
mtSi>T" '

'''''''' ""^^^^"^ *^e bones, and " sym!patl e ic abscesses at various points round it. Synovial diseaTemust be distinguished from disease of the burs., outside the iobtMit m this case some .vell-known bony point is obscured as tl ^olecranon process, or the patella, and besides, the swellii . has nthe sha2K of the articular cavity.
^

2. The great feature of disease of the cartilage is pain • the nain

- ^^^^^^^ ™-r;:2

pain IS more of a deep-seated aching cliaracter, worse
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at niglit or on changes of weather. There is, further, i^ain onvremtre,

either vertically along the limb or transversely, as in this way the

sensitive and inflamed interior is squeezed.

CLASSIFICATION OF JOINTS.

For the study of dislocations, joints may he classified into three

.roups—(1) Those that depend for their strength mainly iipon

hcaments, as the sterno-clavicular and the superior radio -ulnar

and the knee : (2) those that are osseously strong, as the hip
;
and

'(3) those that are muscularly strong, as the shouldeiv Dislocation is

speoially apt to occur in muscularly strong joints, when the muscles

are caught unawares, as they are resting. In joints whose strength

depends on ligaments we are apt to get a " -.pram
'

rather than a

d lcation; ;hile in osseously strong joints the ar icular surfaces

1 apt to he jammed together, the encrusting cartilages damaged,

the result being a confusion of the joint.

In all cases of supposed dislocation or fracture of he bones and

joints of the extremities, let me remind the student, once for all

that the patient has (in most cases at least) two arms and tw

legs as the case may be, and that, therefore, the very first thing

hat he must do is to thoroughly expose and compare the injured

he sound limb. It is possible, however (a possibility which

Tu t always be kept in mind), that the sound imb may have

r v^ a'previous injury, which may render it useless as

standard of comparison. Marked deformity and fixity of a joint

pSnt to dislocation; while helplessness, loss of power over the

limb, pain, and limpness, point to fracture.

THE UPPER EXTREMITY.

Sterno-Clavicular Articulation.-to, Diarthrosis; S^ih-Cla.s,

bterno uiav i^uiai

enterinc^ into its formation are

Arthrodia, or gliding. The paitb enterm m
„tpr„um

fbe sternal end of the clavicle, the first piece of the steinum

the steinai ui
articular surface of the

looks upwards and outwards. Air Mobbis poinf^

1 l^.Hv allows the sternum to advance upon the end of the

obliquity allows inc
complete inter-articiilav

clavicle during inspiration. Ihere is a compie
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fibro-cartilage in this joint; it is a flattened, circular disc, but
thinner m the centre than at the circumference, and is attached
above to the upper and posterior border of the clavicle, and below
to the cartilage of the first rib and lower edge of the sternal facet
and, by its circumference, to the ligaments round the joint In
this way there are two complete joints with "two synovial mem-
branes. According to Mr Humphry, these two joints have distinct
and separate movements-the one between the clavicle and the
disc being chiefly concerned in elevation and depression of the
shoulder; whHe that between the sternum and the disc is concernedm the forward and backward movements, the disc moving with
the clavicle. It is this part also that is chiefly concerned in the
respiratory movements. As the arm hangs by the side, the cavitv
between the disc and the sternum attains its largest dimensions
and ,s V-shaped; when the arm is raised, it becomes slit-lil.e inlorm and its cubic capacity lessened, and it is, therefore, tliismovement that causes most acute pain when the joint is inflamed
or otherwise diseased, e.g., in pyemia. When the joint contains
fluid the SM-ellmg is best marked on its anterior aspect on account
ot the thinness of the anterior sterno-clavicular ligament The
inost important Ligaments of the joint are:-(l) The anterior
•sterno-clavicular.

(2) The posterior sterno-clavicxJar. (3) The
inter-clavicular, passing from clavicle to clavicle across the epis-

tLT
"

i'^
costo- clavicular, or rhomboid, which

.tretches from the cartilage of the first rib to the rhomboid
depression on the under surface of the clavicle. It is a verv«hor and strong ligament, and immediately behind it lies thesubc avian vein. (.5) The inter-articular fibro-cartila^e

Movements -1. To raise the clavicle (as in Sn-ugging theboulders -(a) the trapezius, the levator anguli scapuE M 1 cwo rhonrboids and (.) the clavicular head of°the^J^.
of l^iZ gravity, and («) the lower fibres

ma^^u loTr ^? cbiefly the serratusmagm s al..o (/.) the pectoralis major, and («) the pectoralis minor.

ott tJZ^- ^--^-^-^ a mixture of all the
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DISLOCATIONS OF THE INNER END.

Dislocation of this bone is rare—(1) Because of the very

powerful ligaments of the joint and the thick expanded end of

the bone, Avhich gives them a very advantageous attachment.

(2) The force is usually transmitted along the long axis of the

bone and it is bent, or broken ratlier than dislocated. (3) The

mobility of the scapula. The strength of the joint is entirely due

to ligaments, together with the inter -articular fibro- cartilage :
it

has no muscular or bony strength. In the order of frequency the

dislocations are :

—

1. Forwards.—This is usually causnd by falls or blows on the

poiirt of the shoulder, or by bending the shoulder forcibly back-

wards. The point of the shoulder is displaced downwards,

forwards, and inwards ; the inner end of the bone passes down-

wards and inwards, and rests in front of the manubrmm sterni,

and carries its own head of the sterno-mastoid with it. It is

readily reduced by simply pulling tlie shoulders in directions the

reverse of the displacements, i.e., upwards, backwards, and

outwards. But, as in all joints the strength of which depends

on lioameuts, the difficulty is to keep it reduced. It should be

treated in a way similar to that of fracture of the clavicle through

its middle— (1) A pad in the axilla, to overcome the mward dis-

placement; (2) a figure-of-eight round the shoulders to brace them

back and so overcome the forward displacement; and (3). a sling

to support the elbow to overcome the downward displacement. In

addition to these measures, however, something must be provided

to keep the end of the bone in its place till the torn ligaments

reunite Nelaton recommends an ordinary hernia truss, tlie

spring passing under the opposite axilla, and the pad pressing on

the joint; this has to be worn for about two months.

2. Backwards.-This may be caused by the pomt of the

shoulder being driven forcibly upwards, or the hand pulled

violently forwards; it may also result from direct violence, such

as a kick from a horse. It is, further, sometimes secondary to

3-oTT's spinal curvature. The displacements resemble the last

form tlie point of the shoulder being carried inwards, and the

head of the bone resting behind the sterno-hyoid, and the
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sterno-thjroid imiscles. In addition, however, to these signs" the

a the loot of the neck, producing difficulty in swallowing orbreatlung, congestion of the veins of the head and neck, \nl
P ohably coma, from pressure on the .great arteries supplying t ebram; to reheve these symptoms the end of the bone has \e nexcised Trea ment.-A splint well padded, especially opposTte

d t^whil ; "''.^^r' the'holl tand to which they are to be braced back by a bandage- in addiion to this, should the patient move about! it will be n e sitto use an axiUary pad and a sling to suppo'rt the elbow T jl

3 l;tt V ^-^--^ t° the side
3. Upwards.-\ery rare. It is caused by indirect violencpsud.as would carry the shoulder downwards Ld i^cU T ^

he 1
"P^'^'*^^ ^^'^ ^^^^^'ds behind the sternal

end of the bone hes between the sterno-mastoid and sterno hvokl

ttpiessecl when tlie patient sits up or leans forward. TIip Wi.f
between the clavicle and the fi st rib is inc rsed ^ T

DISLOCATIONS OP THE OUTER END
Acromio -Clavicular Articulation —r^/./.o -n-

cZa.-., Arthrodia. LIgaments-n n.".
'

^'^"^^^'^^^'-^ ^nh-

(2) inferior acromiS "
hr 3Wo

"^P^7^-;«°^--lavicular;

trapezoid). Conoid nXot (conoid an<l

^larrow below711^^^ '''''' ""'"'^ '^'-^

root of the co;ac'o pL^^^^^^^^^^^^^^
1-t of the

tubercle of clavicle rZ;./ / 7 '"'^ °«n«i^I

backwards and u wart^^^^^^^^ P-^"^"
process, to an obliV.iiP hr.^ ^ i

'^^^ ^^^^ coracoid

the conoid tulS U T '^"'""'^^ "^^^ ^'^^'--^^^

less complot is 12 ^

'""'''-^''^^^^^-^ fibro-cartilnge, morePiete, IS sometimes present. Movements.-At this
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:

joint the movements take place round two axes—upward and

downward movements of the arm in an antero-posterior axis, and

backward and forward movements round a vertical axis, as m

throwing the shoulders backwards and forwards—a kind of uni-

versal joint, by which the scapula and humerus are enabled to

maintain the most advantageous relations. The strength of the

joint is due to ligaments.

Dislocation of the Acromion Process of the Scapula f/w-
^

tmrlv linown «.>• Dislocation of the Acromial End of the Clavicle).

Dislocation of this joint is more frequent than dislocation of the

sternal end of the clavicle. Two forms are described-1. The

more common is where the acromion process is forced underneath

the outer end of the clavicle {i.e., the end of the clavicle passes

on to the upper surface of the acromion process ;
this form is the

more common, probably because of the slanting surfaces of the

articulation. The cause is usually direct violence applied to the

scapula, as falls ov kicks on tlie back of the shoulder, not mfre-

• luently occurring during the game of football. In complete cases

the diagnosis is easy; tliere is pain, loss of power (especially

abduction), the shoulder is depressed, and the point an inch ov^

an inch and a half nearer the sternum than on the soimd side,

but by measurement there is no approximation of the ends oi the

clavicle. Tlie arm seems lengthened, and there is a distinct

projection lying on the acromion process. It is often incomplete

from the resistance offered to dislocation by the strong coraco-

clavicular ligament. Looked at from the front, the appearances

simulate a dislocation of the humerus, there being an apparent

elevation with a depression underneath; but from a side view

the differences are marked: in dislocation of the shoulder joint

the broad arch formed by the acromion and clavicle is seen, but m

dislocation of the clavicle we merely see the end of that bone, witli

the edge of the trapezius standing out in bold relief. Treatment.-

Kaise, draw backwards, and carry the shoulder outwards and press

the end of the clavicle into position; but although easily reduced

(as the joint is a liganieiitously strong one), it is most difhcult

to keep in position. This is because the articular facet is very

lal and sLting, the plane of the joint passing downwards and

vards so that the bones have every facility to .slip out agani.snif

inwari
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The method adopted to keep the bones in position will resemble
tiiat in dislocation of the inner end of the clavicle. The shoulder
IS carried upwards, outwards, and backwards, and then a pad of
some kind must be placed on the joint to keep the bone in its
place-e.i/, a Petit'^ tourniquet, the strap of which is passed
under the elbow (bent) of the same side, so as to- fix the shoulder
and press down the bone at the same time, and held in position
by a band passing imder the opposite axilla. Fortunately, how-
ever, even though the bone is not successfully kept in proper
13osition, the utility of the arm is but little aifected, only a sli-dit
limitation m the upward movements.

°

2. The acromion may be forced above the Clavicle.-This form
IS very rare. The diagnosis and treatment must be conducted on
tJie same principles as the previous form.

3. A third form is said to occur sometimes where not only

the davTr
'"'"'""^

P^"*^^'^
^^'""'^

Dislocation of the Scapula. -The inferior angle sometimes

from Z\ \
latissimus-dorsi; this may also take place

f om paralysis of the serratus magnus muscle, due to injury ofhe nerve of Bell, or from paralysis of the lower part of the

ZsT" ''^'^ "^^^ ^^^^^^^^ 1^*--- itgives a winged" appearance to the back {^^ wing scapula"). As

ZmL . 'V^^
""^^^^^ -gnus is for the purpose ofpusliing, when it is paralysed the patient can push the ound armmore fornbly and further than the paralysed one. TreatmeT-Iu_ cases where the angle has slipped from unde neath th

"

teT^Lw' r "^^^^ ^^^P inferior an^close to the chest otherwise the arm will be much weakened In

: le^mS 0? lie "
r

'''''' ^^^^^^endermic or hypodermic application of strychnia, and massage.

THE UPPER END OF HUMERUS.

o.wl ic j>
^ "^^^t movable lo nt in tlie bodv

k .t n ?!^o r T"^''' ^'o^^^'^'^, the bones beingkq.t .n apposition by tlie elasticity of the surrounding muscled
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and atmospheric pressure. The "roundness" of tlie shouhler is

caused hy the head and tuherosities of the humerus, enveloped

by the deltoid muscle; hence, when this muscle is atrophied, or

the head of the bone is absent from the glenoid cavity, there is

"flattening" of the shoulder; of course, the part of the bone felt

throuc^h the deltoid is not the Uad proper, but the tuberosities

of the humerus. The Synovial Membrane.—It is very extensive

and lines the margin of the glenoid cavity, and is reflected over >

the internal surface of the capsular ligament, covers the sides and

neck of the humerus, and encloses the tendon of the biceps m a

tubular prolongation, in such a way as to preserve the integrity

of the membrane and exclude the tendon from the cavity of the

joint It sends (1) a prolongation down the bicipital groove for

some distance round the tendon of the biceps; (2) it communi-

cates with a bursa beneath the tendon of the snbscapidaris; and

(3) very often with one beneath the tendon of the infra-spmatus.

The large subacromial bursa does not communicate with it. The

Nerves of the joint are the circumflex, subscapular, and supra-

scapular; its Arteries are the anterior and posterior circumflex,

supra-scapular, dorsalis scapuhv., and subscapular.

Ligaments —1. The Capsular, attached above to the" margin of*

the glenoid cavity beyond the glenoid ligament, and below to the

anatomical neck of the humerus, on the upper part, but the lower

part is attached a little way Mow the anatomical neck. It is very

lax- it is weakest, loosest, and least protected at its inferior part.

2
'

The Coraco-Humeral. This is a strong bundle of fibres at the

upper and anterior aspect of the capsule. It passes from the root

of the coracoid process, downwards and outwards to the

the great tuberosity. A few fibres of this ligament project into the

joint and are attached to the upper and inner part of the bicipitcii

oroove; this fasciculus is known as the " gUno-lmmeml ligament,

and corresponds to the licjameydum teres of the hip joint. ^. iHe

Glenoid Ligament, a triangular-shaped tire of white fibro-cartilage

fixed to the edge of the glenoid cavity; it deepens the cavity and

is' continuous at its upper part with the tendon of the biceps.

Movements.-l. Abduction .ith Elevation-{a) supm-spinatus

,

and U>) middle fibres of deltoid. These only raise the arm to a

'1^
an.le with the trunk, and the trapezius continues th.
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movemout- by elevating the scapula. 2. AdduMcn by la) gravityW lo»g beaJ of fa.i„e,«, (.) „tissi„„3 lord, and W tsi"^! ^
of

fo""'*) by («) the anterio,. flL,
01 deltoitl (J) biceps, and c coraco-bracliialis. 4. lUmskm bv

lois,
5 i;o«,™ /„«-rf» by (a the Bubscapukris, (J) pectorals« al.s3m.us, and (rf) the teres major. 6. k bv

II. add tion to the above seven movements, other t.vo are somet.n.es descnbed, .u..-AMuMon with Fle^, (as in croIn'Thtarms .„ front of the chest) by means of (a) the pectolS it
') b.cep.,, and (c) coraco-brachialis. AdductiJn-ith IS(as m cross.ng the hands behind the back) bv („\ fl.f . iT ,

latissimns dorsi, and (c) the teres m'^i
' ^

^

1 tT„°f "f j»i.it deserve special notice

Lce'V, Terytee" nt.t;:"-"r^;"''° ™f ^"^^
..en. the easj Pe»cl.rZ^;io?:fT 'Zl T:^,'^^^^^

ri^.t^itt-rt^~;£:r^^^
co-OKljnated movenaents of the ann and fore-am

'

held close to the ^e ast ^ '-^^^

fluid. The lo „ eve^v .0 1 T^""" ^^'^ '^^'^ ^ost

somewhat iCeas d r " ^ "^^^""^^

in the coJe of theW t /^"^'^ f'^lt

Ween iC^L^lt^^^^ ^ ^^pression

a soft elastic fluctuating swelling can be f!l n
''''''

joiut) is firiulv fixed L n ° f "'"^ (the
^

'"ly fixed by the nn.,sc]o« in the position of greatest
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comfort ; and movement iu any direction, hut especially tliat of

flexion and extension, as the hiccps is thus called into play, will

crive rise to acute pain. This serves to distinguish this condition

from another very common one in this regiou, viz., injury to,

from a wrench or twist of the arm, or disease of, the large suh-

acromial bursa; in this case, flexion and extension do not give rise

to any great pain, whereas adivB abduction, by squeezmg the bursa,

causes acute pain. Eurther, in inflammation of this bursa we may

detect fluctuation at the anterior and posterior borders ot the deltoid,

and when the Surgeon abducts the arm, movement ol the shoulder

joint is not painful, as the abduction relaxes the deltoid, and thus

lessens the pressure on the bursa.
, , ., i

In " dropsy " of the shoulder joint, the arm may be lengthened

from the stretching of the long loose capsule; the arm may be

pushed up into its proper place but falls di3wn again when the

elevating force is withdrawn.

Dislocations.-Dislocation of this joint is chiefly met with n

middle and advanced life. The strength of the jomt is due to

muscles, and it is therefore very liable to dislocation It occur.

when the arm is abducted and the muscles caught off their guard,

or overpowered, as in falls or blows on the shoulder, elbow or

hand, with the arm outstretched; also if the hand is hxed m thi.

position, and a blow struck on the upper part of the humerus. 1

!s further said to be sometimes due to forcible abduc ion, or viokn

contraction of the muscles as in lifting a heavy weight. hat

the cause may be, the bone always escapes from the capsu e at it.

and uMor part, as in the position of abduetion the head

; s es on this part, which is the thinnest and least suHiorte.

portion of the whole capsular ligament. It does not go straigh

downwards on account of the long head of the tnceps but pi^e

to the front of that muscle. All dislocations, therefore of th

shoulder are primarily subglenoid. The position which t^ie head

of the bone ultimately assumes depends on various™f"^7-

(I) The direction and amount of the force causing the dislocation,

2 the narrow axUlary border of the scapula, so that T^o"e bo.

on a sort of knife.edge and is readily disp aced to one or othe ^d ,

and (S) the. relative strength of the muscles on the front a d b K

f ti e joint, and specially the presence ol the long head of
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triceps directing it, iu the first instance, for^mds; the muscles, toobehind ai;e much stronger than those in front, and therefore thetorward dislocations are far more common than the backward
ihe different dislocations are named according to the position

of the head of the bone, in relation to the different bony pointsaround Hie joint; they will he gi.en liere in the order of freqiLcy
1. The Subcoracoid.-This is generally admitted to be the mostcommon form although the subglenoid, for reasons already giVeTnms It very close; indeed, some writers give the subglenoid I. th^

lecogni ed-(cO Subcoracoid proper, in which the arm is rotatedutwaMs, and the greater part of the head of the bone is bene

lotatpT" f intra-coraooid, where the arm is
10 ated niwards, so that the greater part of the head is place

- bubg enoid. 3. Sub-clavicular. 4. Subspinous.

sliouhl^
^^'-^ttening and squareness of thexouldei, (2) a hoUow under the acromion wliere tlie head of

) H^iitv^
of the bone is in an abnormal position;

0) ugidity
(6) pam; and (7) an alteration in the axis of theuimerus the elbow being flexed, and the fore - arm s ph ateIu all dislocations the arm is away from the side- in f3 >

is held rI,-.Qo fi -1 / •
iractures it

tl.o ac;ide„t ^^h „ a t, "
""^^

Lumeru, does not if. / ,
°" "P""''"'

LTl, "~«'» '» *<' ctat wall, but very

l-om), the «,,!<, ,],,?, II ,

"' (ft" common
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-n-eat deal of harm to the student of clinical surgery, and may

Tilso lead him into grave errors in practice; the "tips" are only

of value to the experienced Surgeon, who does not require such

lids (9) The vertical measurement of the shoidder, from the

axilla round the acromion process, is from one to two inches

greater on the dislocated side (Callaway). (10) men a straigh

^iece of board is placed with one end resting on the external

condyle of the humerus, and the other on the prominence ot the

shoulder, in a healthy arm the upper end should he separated

from the acromion process ahout an inch, hut in dislocation it

rests against that process (Hamilton)-

1 The Subcoracoid.—This is the most common form. iHe

head of the bone is displaced forwards and slightly downwards,

and lies immediately below the coracoid process, resting against the

anterior surface of the neck of the scapula; its anatomical neck

Ivin- on the anterior lip of the glenoid cavity. Symptoms-
^

(a) The head of the hone is easily felt in the upper and anterior

part of the a.xilla, and partially or entirely obliterates the sub-

lavicular fossa; (/.) there is slight shortening of the am and

apparent lowering of the anterior fold of the axilla
;
(c) he elbow i

tilLl outwards, and the axis of the humerus is more oblique tha^i

natural; (d) the head of the bone may press on the axi lary nerves,

)
inability to move the arm at the shoulder joint; (/) measure-

u nt of the vertical circumference of the shoulder

one to two inches; and (,) it is impossible to pass a finger into he

Irval between the coracoid process and the head of the1—
The latissimus dorsi and teres major draw it towards the chest

while the deltoid and pectorahs major draw it -^^^^^^
^^^^^l

the clavicle The sub-scapularis muscle is raised from the neck

! th Ic pula and stretched over the head of the humerus The

1 erior muscles are drawn tightly over the glenoid cavity a.d

nay be partly ruptured, or the great tuberosity may be torn oil

,

X this is L Jase, or when the muscles behind are much torn,

the humerus will be rotated inwards.

The Subglenoid.-™, is the ^--^ -est—n (o m

(according to aome, i/« most common tovm) Ihis la tbc only

Zv about the ahonkUr joint „herc the arm .s lengthened: m aJL

oStt ia ahoftcned, oi- not lengthened to any app«c,.hle extent.
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Symptoms-(«) The arm is lengthened about one inch, and tUted
outwards, (b) There is severe pain and numbness in the hand and
arm and perhaps pain and oedema from pressure of the head of the
bone on the axillary nerves and vessels, and by raising the elbow
the head of the bone may be readily seen in its new position
(c) ihe circulation through the upper extremity may be completely
arrested, or the artery may be ruptured, and the head of the bone
can be felt in the axilla below the glenoid cavity, (d) The head
of the humerus is one or two finger's breadths below the coracoid
process, (e) Marked depression of the anterior fold of the axilla
In this case the head of the bone has remained in its primary
position-downwards and slightly inwards, resting against the
anterior part of the triangular surface of the axillary border of the
scapula, just below the glenoid fossa between the long head of the
triceps and the subscapidaris muscles. It is most frequently
caused hj falls on the hand or elbow. The subscapularis muscle
LS stretched and partly torn; the supra-spinatus is ruptured and
probably also the infra-spinatus. The deltoid muscle is much
stretched, hence the great flattening of the shoulder and extreme
abduction of the arm.

3. The Sub-Clavicular.-This is simply an increased degree of
subcoracoid, and probably due to the greater amount of force
brought to bear on the limb. The head of the bone lies on the
second and third ribs, under the pectorals, below the middle of
the clavic e internal to the coracoid process, and the symptoms
resemble those of the former dislocation. There may also beCBdema and coldness of the limb from the interrupted circulation
n the axillary vessels. The muscles and other structures round
the joint are much lacerated.

4. The Subspinous.-In ordinary cases of this very rare dis-
location, the bone rests on the posterior surface of the neck of the
scapula, the anatomical neck lying on the posterior edge of the

f r furZ bT' '

is^^is! 1 r I ^r'''^
'-^^^^ the elbow

Z Ci Z " ^-^^ «f bone

muscle is to
" subscapularismuscle IS torn, and most of the other muscles round the joint are
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reudered tense, especially the pectoralis major; botli the teres

major and the latissimus dorsi are relaxed. This form is caused

hy violence when the arm is stretched across the chest. The

circumflex nerve is often bruised or torn; and this may induce

secondary degenerative changes resulting in the complete and per-

manent paralysis of the muscle.

Mr Holmes describes a supra-COracoid dislocation, where the

head of the bone forms a distinct projection on the top of the

shoulder; it is necessarily always associated with fracture of the

acromion or coracoid processes, and is caused by some violence

forcing the humerus upwards.

The long head of the biceps is sometimes displaced from its

"roove, giving rise to swelling, pain, and fixity of the joint
;
the

arm is locked in the abducted position, and to relieve this con-

dition the shoulder joint must be flexed and the humerus rotated

outwards or inwards as the case may be.

In diagnosing dislocations of the shoulder, the great point

to attend to is the relation of the head of the bone to the

acromion and coracoid processes. The coracoid process lies m

the "roove between the pectoralis major and the deltoid, usually

a little overlapped by the inner edge of the latter muscle, and,,^

about one inch below the clavicle, and the same distance from its

outer end, or opposite the deepest part of the anterior concavity

at the outer end of the clavicle. It is about one fingers-breadth

to the inner side of the head of the humerus. Passing between

the process and the clavicle is the strong coraco-clavicular (conoid

and trapezoid) ligament. It is necessary to distinguish disloca-

tion from (a) fracture of the anatomical neck of the scapula

and (6) atrophy of the deltoid muscle. 1. In Fracture there will

be a history of severe direct violence, the displacement^ is easily

reduced but as readily returns when the support is ^vithdrawn;

Both injuries may occur together. Further, the arm will be held

close to the side, and there wdl be marked limpness and mobility

of the arm. 2. In Atrophy of the Deltoid there will be apparent

flattening, but the globular head will still be felt in its proper

relation to the coracoid and acromion processes, and the joint is

freely movable. The deltoid may be atrophied from to ni

cases of ankylosis of the shoulder joint, but is more frequent-
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from tlie loss of trophic influence; this may be brought about inth^^ee ways-(l) la cord lesions causing destruction of the Sr^ecells xn the anterior horn of the cord at the origin of the n

Z tV"^"^ ^^^^^ ^'^^^ ^ blow, or in

tt ioint
°' '^"^^'^^^ - ^1-e-e of

the nerve and paralysing the muscle
°

Methods Of Reduction.-(l) Direct extension and counterextension by pulleys. (2) The unbooted heel in the axdhrs .s he usual and best method. The heel is pressed atainVthe axdlary border of the scapula to steady and fix it whUrtheupper part of the foot acts as a fdcrunx at the upper nd of thehumerus; the heel should be pressed outwards away from itches
,
so as to avoid injury to the ribs. It matters h tTe theexac du-ection in which the force is applied, as the mobk scapulareaddy places .tself in the most favourable position. The t-eSshould be apphed directly to the lower end of the humerus otW

arm .vith the humerus, some of the force is necessarily dissipatedbesides strammg the ligaments of the elbow ioint Tf ^ ^^^^JP^^^d,

and tries to catch h,n'V,t"' °°, ""^ P""™' ^ '<>-^'^,

luring the * , e i " °' ""«™«^
bone sudde^ ;TnJ i "Xc °m

p"'",'""""' ""'^

upward. „ajlel with th id,^„ Z ' tT T"""^same time fixincr thp -^ovnr. • I
head, and at the

manipula ion Vf^e dTffl T-^''

'

'''' '''''' (5) ^7
to the srouTderl nt f H

' ''''' "^"^^'^ succeLfully

coracoid form th Vol T ' ^^e sub

anrdo thenX'v ti!

"^°^«;»ents are :-fiex the elbow to a ri^hto .
then flex the shoulder joint, carry the arm across the ch^st



3V2 Applied Anatomy:

rotate inwards till a distinct sense of resistance is felt, then fix tlie

head of the bone, and gradually bring the arm to the side; if this

is unsuccessful it may be necessary to try the same movements,

but with rotation of the humerus outwards instead of inwards.

Unless the attempt at reduction is made immediately after the

dislocation, when the muscles are semi-paralysed from shock, the

patient should be placed under the influence of chloroform. After

reduction of the dislocation, the usual directions are—that the arm

should be firmly fixed for at least two weeks, put up in a sling

for another fortnight, and at the end of a month passive motion

employed. This amount of rest is unnecessary and decidedly

injurious; it is simply playing into the hands of "bone-setters."

The shoulder is a muscularly strong joint, and there is no tendency,

after reduction, to a redislocation. All that is required is to keep

the limb at rest for a few days, till the first infiamjnatory symptoms

have passed off, and after that the sooner it is brought into use

the better, especially in young persons; at first it is merely to be

allowed to swing about easily in a sling, and' then passive and

active movements begun; or, if in season, give the young patient

a spade and pail, and send him to some sea-bathing town. More

harm will result from keeping it too long at rest, than from

beginning to move it too soon; a good deal may be safely left to

the feelings of the patient.
•

In reducing old standing dislocations the probable condition

of the axillary artery must be carefully iiivestigated-e.^r., whether

it is affected with atheroma or calcification, and, whether it may

not be included in the new fibrous formations around the joint;

because, under these circumstances, it is very apt to be ruptured

during the necessary manipulations.

THE ELBOW.

The Elbow Joint.-CZass, Diarthrosis; Suh-Qlms, Ginglymus

The hones entering into its formation are the trochlear surface of

the humerus, articulating with the greater sigmoid cavity of the

ulna- the lesser head, or capitellum, with which the cup-shaped

rer end of the head of the radius articulates. The Synovial

Membrane is extensive; it covers the margins of the articular
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siufuce of the liumerus,. lines the coronoid and olecranon fosste
lines the inner surfiice of the various parts of the capsular li^l
ment and extends for some distance up the humerus, beneath the
tendon of the triceps, and lastly lines the lesser sigmoid cavity
and nmer surface of the orbicular ligament, and covers the head
and neck of the radius. The Arteries are derived from the
various vessels that anastomose around the joint; its Nerves are
derived from the ulnar and musculo-cutaneous. The Ligaments
are—1. The Antei-ior, very thin, passing from the humerus above
the coronoid fossa to the anterior surface of the coronoid process
and oitalar ligament. 2. The Po^erior, also very thin, passing'
from the bumerus above the olecranon fossa to the upper surface
and anterior edge of the olecranon process. 3. Interned Lateral,
consisting of two parts -(a) anterior part, from the front of
the internal condyle of the humerus to the inner margin of the
coronoid process; and {h) posterior pccrt, from the lower and back
part of the internal condyle to the inner margin of the olecranon
process, and a fibrous band spanning the groove between the
olecranon and coronoid processes. 4. External Lateral, from the
external condyle of the humerus to blend below with the orbicular
ligament. The lateral ligaments are very powerful

Movements.-l. Fle.ion~liy («) biceps; ih) brachialis anticus;

2Tr T^"l
^"^^ '^^'^^ ^ does not

act till flexion has been begun by the other muscles)
;
(d) pronator

J-adu teres (after pronation is completed, or when ll I vented

hiigers.
2 Extension~V.y (a) triceps and anconeus; (h) supinator

brevis, and indirectly by the extensors of the wri t and Z

THE RADIO-ULNAR ARTICULATIONS.

.nl'J^l
^"'''1°'; '^^dio- Ulnar, which is a lateral ginglymus

he ; " ' has one^ligaLn
'

the orbicular or anmdar. ° "ui.ul,

oh^nJ^'
Ulnar has two ligameiits-(l) Tlieoblique or round bgament, which passes down^^rds and outwards'
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from the tubercle of the ulua, at the base of the coronoid process,

to the radius a little below the bicipital tuberosity ; and (2) the

interosseous membrane Avhich passes obliquely doAvnwards and

inwards from the interosseous ridge of the radius to that of the

ulna; a little above its lower end there is an aperture through

which the anterior interosseous vessels pass to the back of the

fore-arm to anastomose with the posterior. Between its upper

border and the oblique ligament the posterior interosseous vessels

pass to the back of the arm.

III. The Inferior Radio- Ulnar.—This, lilce the superior, is a

lateral ginglymus. Its Ligaments are— (1) The anterior radio-ulnar,

(2) the posterior radio-ulnar, (3) the triangular inter-articular fibro-

cartilage, on which the head of the ulna rests ; its base is attached

to the radius, and its apex to the depression at the base of the

styloid process of the iilna.

The Synovial Membrane of this joint is called the membrana

sacciformis.

The Movements of the joint are limited to rotation of the radius

round the head of the ulna—rotation forwards is called pronation,

and rotation backwards supination; the latter is much more power-

ful than the former, hence mechanics' tools, such as gimlets, etc.,

are so made that they are introduced by movements of supination

chiefly. Another familiar example, and one more generally appreci-

ated, is the cork-screw. The muscles of pronation are the pronator

radii teres and the pronator quadratus ; those of mqnnation, the

supinator radii brevis, the biceps flexor cubiti, and the supinator

radii longi;s.

Professor Hbiberg and Mr Cathcaet have shown that the

ulna also moves in pronation and supination ; in both cases it is a

circumduction, each bone describing a cone, but that of the ulna

is the smaller, this bone also moving in the opposite direction to

the radius. Mr Cathcabt believes that this movement takes place

slightly at the elbow joint, but principally at the shoulder, by a

rot!ation of the humerus; in supination the elbow is brought to the

side, but in pronation it is carried away from the side—adducted

in the one case, abducted in the other. It should be noticed that

the fibres of the interosseous membrane are so arranged that much

of the force transmitted along the length of the radius is passed on
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to aud borne by the ulnaj this is weU seen in cases of dislocation
ot both bones backwards from a fall on the pahn. The radius
from Its relation to the hand, receives the shock in the first
instance, but part of this is passed on to the ulna through the
interosseous membrane, and hence both bones are driven backwards •

this IS no doubt assisted by the very strong connection between thJ
upper end of the radius and the idna.

Acute Synovitis of tlie El bow.-When the joint is dMedwdh fluid, the swelling first shows itself in the hoUows at the sides
ot the olecranon process, especially on the outer side, filling then,
up and rising up under the tendon of the triceps, and surrounding
the head of the radius

; so that instead of having two hollows and
a prominence between, as in the normal condition, we find two
ateral swellings separated by a depression whicli corresponds to

tfie tendon of the triceps and the olecranon process. The joint is
held semi-flexed, at about an angle of one hundred and twenty
degrees, and the fore-arm semi-pronated, as in this position the
joint IS able to contain most fluid, from a general relaxation of all
the ligaments. Enlargement of the bursa over the olecranon process

H\ I
f;«t^Y''^ed from the swelling caused by synovitis, by

the fact that the swelling is over the middle line of the ioint
obscunng^the olecranon both to sight and touch, and not at the
sides of that process, as in synovitis. This form of bursitis is
often known as "Student's Elbow," from' the supposition that
students, m the pursuit after book-knowledge, like St Anthony,
rest their elbows upon the table or desk, and place their hands
over their ears so as rigidly to exclude all external sounds. It is
«iore appropriately termed " Miner's Elbow." The strength of this

'ZZ^ J:^"-
^'^''^ '^-^^^ -ith

process loses its grasp to a great extent, and it is easy to produce
dislocation backwards in this position; but the oleclon process

onnot, ^''r''?
advantageously placed and powerfullyoppo es forward displacements. On the other hand, in Fle^lol,

to V
antero-posterior grasp, and it is easy

nrocP,?
displacements; but in this position the coronoid

process IS most firmly locked and opposes backward dislocation,
put It shortly-in full Flexion the olecranon process has a
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feeble hold, but the coronoid process a firm hold ; in full Extension

the coronoid has a feeble grip, but the olecranon process has a firm

hold. The joint is vei-y strong transversely, from the great breadth

of the bones and their locking with one another; also, it has

very powerful lateral ligaments, and is supported besides by large

muscular masses. In health, there is absolutely no lateral move-

ment ; so that, if on examining the joint we discover lateral

movement, it must either be dislocated or disorganised. But the

antero-posterior breadth of the joint is small, and the anterior and

posterior ligaments very weak, and it has but little support from

muscles, and, therefore, antero-posterior dislocations are more

common than lateral. It is also important to notice that the

movements of the humerus and ulna take place through an oblique

plane, as the axis of the arm and fore-arm do not correspond. In

extension the hand passes a little outwards with the bones of the

fore-arm; whereas, in flexion it tends to approach the middle line

of the body, so as to enable it to convey very various articles easily

and gracefully to the mouth.

Injuries of all kinds about the elbow joint (including dislocations)

possess a peculiar interest to the practical Surgeon, as they often

occur in young children, and are apt to be overlooked till it is too

late to remedy the injury, aud the child must go through life with

a crippled arm, which witli some care might have been avoided.

Dislocations are specially accidents of childhood and youth; more

than one-half the dislocations at the elbow occur in boys between

the ages of five and fifteen. In fifty-six cases, twenty-two occurred

under the age of fourteen years. It is very often associated with

fracture of the condyles, olecranon, or coronoid process.

In reference to the diagnosis of dislocation special attention must

be paid to the natural relations (1) of the olecranon process to the

prominent internal condyle of the humerus, and (2) tlie head of

the radius to the external condyle. 1. In health, the Olecranon

Process lies nearer tlie internal than the external condyle, and

when the elbow is extended it lies almost on a level with the

condyles. When the joint is iiexed to a right angle, the point of

the olecranon is vertically below the level of the condyles, so that

the three processes in this position form a kind of triangle with the

apex at the olecranon process. In extreme flexion, the olecranon
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is in front of the condyles. Further, the natural distance between
the olecranon process and the internal condyle is only just suffi-
cient 0 lodge the ulnar nerve. 2. The Head of the Radius lies
mmediately below the external condyle, and may be felt rotating
during the movements of pronation and supination

The more important Structures surrounding the joint are--In ^'-"'^^-Cl) The skin, superficial fascia, and -cutaneous nerves:

£Zi ^mr^"" '''' ^"^^ nlnarMcurrents.
BeJund-il) The superficial structures;

(2) triceps; and (3) theanconeus. On the inner side-(l) The muscles arising fr n^n ernal condyle (the flexors and pronators); (2) ulnar nerve; and
(3) inferior profunda artery. On the o^aer side-(l) The muscles

ho d 1 ( "n?-'"'.
" ^'"'^ '""^'^^'^ b/taldngW to n ' ^"^^^ objectionable and dangerou^

Wd ^^^^^^^^^ (^) ^^-^-ate the

fll 7 1

^^'^''"^^^^ ^l^^'««^^te the head

ifo^onrf"^ ^-ture of tbe

DISLOCATION OF BOTH BONES.

in this'ttrtr^f " ^^-^^-"^ ^-l«-tion

^Ln 'th o? ; 1

"^"^ «f tl^e great

^

reng h of the orbicular ligament. It is caused by indirect violence- a fall on the palm of the hand, with the elbow oL ex nded

uZiht^fe^i^f th:
'^^"^ '"^^^ '""'-'''^

transmittPrl T .1 1
humerus; part of the shock being

liie arm is semiflexed and pronatcd, and the whole arm
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appears shortened; (6) there is a projection behind, and a swelling in

front, hdow the crease in the skin cansed by the flexion of the joint,

due to the end of the humerus covered by the brachialis auticus

muscle, and the tendon of tlie biceps (Fig. 74); (c) the condyles

can be felt in front, and the internal one lies below the olecranon

process, and the distance between these bones is greatly increased

;

{(1) the arm can neither be fully flexed nor extended; (e) there is

lateral nrovement of the joint, but the relation of the head of the

radius to the ulna is not altered, being bound to it by the strong ^

Fig. 74.

Dislocation of both Bones Backwards.

rdtiitioii cil" the Aii-

turicir SwcUiiif,' in

Knicturc

Position of the Aiitcriov Swelling in Oislocatiou.

orbicular ligament which is not ruptured; and (/) the distance

between the condyles of the humerus and the styloid processes at

the wrist joint is diminished, but there is no diminution in the

distance between the acromion process of the scapula and the

condyles of the humerus. If the deformity is easily reduced, and if

crepitus be elicited on flexing the reduced bones, and the deformity

readily returns when the support is withdrawn, then there is

fracture of the coronoid process, as well as dislocation of the bones.

It may be possible, by firm pressure in the anti-cubital fossa, to
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leel the broken process. The anterior and lateral ligaments of the
joint are torn; the tendon of the trieeps-aconeus, attached to the
olecranon process, is very prominent and tense behind ; the biceps
uud brachialis anticus are stretched over the end of the humerus,
I'orniing the anterior projection. The median and ulnar nerves are
stretched.

Treatment.— (1) Sir Astley Cooper's method :—The patient
IS seated on a chau-, and the Surgeon, resting his foot on the edge
of the chair, places his knee on the inner side of the joint, while he
grasps the wrist aiid bends the elbow slowly and forcibly^ at the
.^ame time he presses tlie upper part of the radius and ulna with his
knee, so as to disengage the coronoid process of the ulna from the
humerus. (2) Another method is by extension, counter-extension,
and co-aptation:—One assistant holds the upper arm, another pulls
slowly and steadily at the wrist, while the Surgeon manipulates the
bones into position as soon as the coronoid process is unlocked.
The arm is then kept in the bent position and carried in a sling,
and the ordinary means adopted, if necessary, for reducing inflam-
matory action. As the strength of the jomt (in the antero-posterior
dn-ection, at anyrate) is due to the locking of the bones, passive
movement must be begun earhj. It may be left quiet for three
or four days, till the first inflammatory symptoms subside, and then
gentle passive movement must be begun. At the end of two weeks
the patient himself may induce active movements- of the joint.

2. Forwards.—This is a rare dislocation—(1) Because the long
and strong olecranon process opposes such a displacement, and it
can hardly occur without fracture of that process; and (2) it is
uivsed by direct violence, such as a blow or fall on the elbow; and,
tor this reason again, the usual result is fracture of the olecranon
process and not dislocation. The Symptoms are-(a) Elongation
of the fore-arm

;
{b) the marked projection of the condyles of the

humerus; and (c) the presence of the sigmoid notch in front of the
arm the olecranon process resting against the inferior part of the
trochlea. Ihe distance from the condyles of the humerus to the
st^yloid process of the radius and ulna is increased ; the tendon of
the triceps is very tense.

3. Lateral Dislocations are also rare and usually incomplete,
and the outward is niuio common than the inward. The inward
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variety may occur wheu a person is thrown from a trap and alights

on the outer aspect of the olecranon. They are rare—(1) Because

of the strong lateralligaments; (2) the locking of the bones
; (3) the

great muscular masses at each side; and (4) the great transverse

breadth of the joint.

ULNA ALONE.

The only dislocation of this bouc is backward, and it is very

rare. The head of the radius bears its normal relation to the^

external condyle; the length of the outer side of the arm is

unaltered, but the inner side is shortened. The olecranon process

is displaced backward, and its distance from the internal condyle

much increased.

The Treatment is the same as for both bones backward.

RADIUS ALONE.

The usual dislocations of the head of this bone are— (1) For-

wards : (2) Backwards
; (3) Outwards.

1. Forwards.—This is by far the most common of the three,

and is, in fact, the second most common dislocation occurring at

tho elbow joint. It is caused by indirect violence, as a fall on the

hand in supination, with the elbow joint extended: it may also \q

caused by direct violence to the bono behind. It occurs very often

in young persons. The same form of violence applied to the' arm

of a person in the prime of life woidd probably produce fracture

of the lower end of the humerus, dislocation of the shoulder, or

fracture of the middle of the clavicle; in an old person it ordinarily

produces fracture of the lower end of the radius (Colles'h); but

in yonng persons the usual result is either a dislocation of the head

of the radius forwards, or of both bones backwards; not infre-

quently, however, it is a fracture of the lower end of the humerus,

immediately above the condyles. The Symptoms are—(a) The head

of the radius lies in front of the external condyle, and there is ;i

hollow where it ought to be; (&) the fore-arm is fixed in a state ot

semifiexion, and either pronated or midway between pronation and

supination, on account of the relaxation of the biceps aUowmg the

pronators to act; (c) flexion of the joint is suddenly checked b>

the head of the radius coming into contact with the lower end
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of the humerus-it being impossible to flex the joint beyond
an obtuse angle-and this is present whether the dislocation is
complete or incomplete; {cl) any forcible attempts at supination
or extension of the arm cause severe pain ; and (e) the whole
fore-arm is tmsted, with tlie outer side somewhat upwards. The
orbicular ligament is torn.

The other two dislocations are rare, and may be diagnosed byfeohng the head of the radius in its new position, and, as in aU
dislocations of the radius, the outer side of the fore^^m is shortenedand the movements of the joint restricted. They are often accom:panied with fracture of the external condyle into the joint

whik trs"'-~''''""'\''^''
counter-extension by assistants,

he H 'fr ^-''"'^ ^^""^ ^^"'^ -to position. Ah strength of this joint is due to r,,c.nents, it is necessary to keep
It a, rest for a lengthened period to allow the ligaments to re-un t
0 herwise he action of the biceps will reproduce the displacemen

'

1 should be kept perfectly quiet for four or five weeks.
'
InTsb:cation forward, the joint must be flexed and a pad applied over thehead of the bone, and kept in position by a divergen figure of i!hhandage, which not only keeps the pad in positt^n, but ke ps the

tne arm should be extended and the head of the bone kept inposition by a pad and straight anterior splint. If prefeed n

THE WRIST.

Land toward, the „l„ar 7^1^1711^ "'"^"""''''"
coiidvloid articniafinn Ti, V ^ """^ "ailed a

-the under See of I r^T T"™"
Joint t„„ triangular Rbr'c^r ,1; ™ "
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The Synovial Membrane sometimes communicates with the

membrane at the end of the ulna {memhrana sacciformia). The

Arteries of the joint are the anterior and posterior carpal, anterior

and posterior interosseous, and branches from the deep palmar

arch ; the Nerves come from the ulnar and posterior interosseous.

The Ligaments are four—The anterior, posterior, internal, and

external lateral.

Movements.— 1. Flexors — (a) The palmaris longus, {h) the

flexor carpi radialis, and (c) the flexor carpi ulnaris. 2. Extensors—
(«) The extensor carpi radialis longior, {h) extensor carpi radialis'

brevior, and (c) extensor carpi ulnaris. 3. To tend to ulnar side—
(ct) The flexor carpi ulnaris, and {h) extensor carpi ulnaris. 4. To

lend to radial side—(o) The flexor carpi radialis, (h) extensor carpi

radialis longior, and (c) the extensors of the thumb. Relations.

—

In Front—(1) Radial artery, (2) flexor longus pollicis, (3) flexor

carpi ulnaris, (4) palmaris longus, (5) tendons of flexor sublimis,

(6) tendons of flexor profundus, (7) median nerve, (8) ulnar artery

and nerve, and (9) flexor carpi idnaris. Behind—(1) Extensores

carpi radialis longior et brevior, (2) extensor secundi internodii

pollicis, (3) extensor communis digitorum, (4) extensor indicis,

(5) extensor minimi digiti; and (6) extensor carpi ulnaris. On the

outer side—(1) The extensor ossis metacarpi pollicis, (2) extensor

primi internodii pollicis, (3) radial arterj--, and (4) the radial nerve.

On the inner side merely the integumentary structures.

The strength of the wrist is mainly due to the numerous strong

tendons surrounding it, aided by its own ligaments, the numerous

articulations in the neighbourhood, and the presence of the trian-

gular fibro-cartilage. Tor these reasons dislocation of this joint is

very rare, as most of the so-called dislocations of the wrist joint

have usually been found to be fractures. The guide is to be found

in the relation of the base of the metacarpal bone of the thumb

to the styloid process of the radius; just as in like injuries about

tlie elbow, the guide is found in the relation of the inner condyle

of the humerus to the olecranon process. If the stjdoid process

of the radius and the metacarpal bone of the thumb retain their

normal relation, the case cannot be one of dislocation. The stjdoid

process of the radius is more anterior, and passes further down

than the styloid process of the ulna. In effusion into the joint,
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as ia Acute Synovitis, the swelling is best seen on the dorsal
aspect of the Avrist, showing a general fulness, and some bul<.inc.
between the tendons. The pain is verj acute, and, as the foint
IS so superficial, there will be heat and redness; it is fixed ina s ightly-flexed position, and any attempt at movement causes
great pam. When, however, the wrist joint is firmly fixed the
fingers may be moved without causing pain; this shows that the
mlhxnimation is not in the sheaths of the tendons {tenosynovitis).

ment^ oTf
' ™' ^^^d' the move-ments of the fingers give rise to pain, there is strong reason for

^tried Th"
~ f^° ^^-t'^^ of the tendot

2 ForTards
^islocated-l. Backwards.

^.
-borwards The usual cause is a fall on the palm, or by thehand being bent forcibly backwards

^

1. Backwards.-Symptoms-This is the most common formand IS characterised by (.) the presence on the back of the wrL"

u na form a projection on the palmar aspect, but the styloid
processes retain their normal relationship; and (c) the length othe fore-arm is unaltered, but the distance betw en the sty oidprocesses and the base of the metacarpus is shortened.

'

2. Forwards.-Symptoms-The whole hand is displaced to thopalmar .aspect, and there is a prominence on the d„.^b :concave lower margin, caused by the radius and ulna the stvbidprocesses of which can be readily felt
^

Treatment.-Draw the hand foicibly downwards, and pressth projection into its proper place; it usually slips in wiS !
Tinger^,, thumb, and wrist joint do not stiff-en

Any of the bones composing the Thumb may be dislocatedbut the most frequent form is dislocation backwards rthPfirs phalanx from the metacarpal bone the base of tb/ fiphalanx lying on the dorsal surface of the h ad of the me
"

ptaLx^tis^brf:^^^^^^^^
eSd^gr

th. heai Tnto1 V Jn
backwards and pressing

many cases, however, gi-eat difficulty is experienced in eflectii

"
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reduction; the cause of this difficulty is not perfectly understood.

Some, following Hey, believe that the difficulty is due to the

strong lateral ligaments of the joint, which grasp the head of the

bone; but the great majority of Surgeons believe that the tendons

of the ilexor brevis muscle, with the abductor on the one side and

the adductor on the other, together with the sesamoid bones into

which they are inserted, is the great obstacle. It is believed that

the narrow neck of the metacarpal bone is grasped between the

two tendon groups, like a stud between the sides of a botton hole.

The Treatment will obviously depend on the view the Surgeon ,

takes as to the cause—either subcutaneous section of one or both

lateral ligaments of the joint, or one or both tendons of the flexor

brevis muscle.

In falls upon the knuckles and dorsum of the metacarpus,

besides a possible dislocation of the wrist other three events may

happen, viz.:— (a) Dislocation of the head of the os magnum

backwards; (6) Smith's fracture (see "Fractures of Wrist"); or

{c) sprain of the wrist.
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CHAPTEE XXII.

DISLOCATIONS OF THE LOWER EXTREMITY.

The Hip M^\.~Class, Diarthrosis; Sub-Qlass, Enarthrosis.
ihe Synovial Membrane covers the anatomical neck of the
femur, lines the inner surface of the capsule, covers the cotyloid
ligament forms a tubular prolongation around the ligamLtum
i^-es and covers the mass of fat (Haversian gland) lying at the
bottom of the acetabulum; it sometimes communicates with the
bursa beneath the psoas and iliacus. The Bones entering into
Its formation are the acetabulum and head of the femur TheaceMmlum is formed by all the three parts of the os innominatum- he ilmm forming a little less than two -fifths, the ischium ahtUe more than two -fifths, and the pubic bone the remainingMth These three pieces unite, through the Y-shaped epiphysis
in the acetabulum, about puberty. The acetabulum consists of a
horse-shoe-shaped articular surface, which is deficient opposite the
cotyloid notch and a central non-articular depression continuous
with the notch. The strongest and deepest part of the cavity is
at Its upper and posterior part, the lower and inner part bein.^

he obturator, sciatic, internal and external circumflex, and the
g uteal arteries

;
the nerves are derived from the sacrll plexusgreat sciatic, obturator, and accessory obturator nerves

nttn
' ^"-^ «f ^^ite fibro-cartilage

attached to the rim of the acetabulum and transverse ligament;
It deepens the cavity, closely embracing the head of the femui-

foramen Z"-''' ^'^'^ '''' '''' ^°^^^^^-g i-to a

^rb;nel'^ ;r'"r\'' "^^^ ^^^^ ^^^^^
te^es, beneath it the nutrient vessels pass into the joint. 3. The
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ligamentum teres, or round ligament, is a Y-shaped structure,

passing from the two ends of the cotyloid notch to a depression

in the head of the femur. 4. The Capsular. The capsular

ligament is attached above to the margin of the cotyloid cavity

and transverse ligament; and below—in front, to the anterior

iuter-trochanteric line; above, to the inner side and upper edge

of the great trochanter; behind and beloiv, to the junction of the

middle and outer thirds of the neck of the bone. It consists of

circular and longitudinal fibres, and, on the posterior and inferior

aspects of the capsule, the fibres are almost all circular, so as

not to interfere with the swinging movements of the limb as in

walking, and in these situations also the capsule is very thin and

very loosely attached. On the anterior aspect of the capsular

ligament there is a specially thickened part, known as the ilio-

femoral band, or Y-shaped ligament of Bigelow. It is attached

above to the anterior inferior iliac spine, and below the two

limbs diverge— one to be attached to the upper end of the inter-

trochanteric line, the other to the root of the lesser trochanter.

The inner slip specially limits extension, and the outer slip,

eversion, of the femur. There are also other specially thickened

parts of the capsule— (a) The ilio-troch.anteric on the superior

asjDcct, passing from the anterior surface of the root of the great

trochanter to the ilium, immediately above the anterior inferior spine. \
(i) The ischio-capsidar on the under surface, passing from the

^ ischium below the acetabulum to blend with the capsular ligament,

(c) The pubo-femnral ligament, a specially thickened part in front

and below. By iiexing the thigh upon the trunk and rotating

the femur inwards, the Y- ligament is rendered lax; this is of

importance in the reduction of dislocations. The centre of gravity

falls beliind the centre of rotation of tlie hip joint, and the trunk,

therefore, naturally tends to fall backwards, but this is prevented by •

the ilio-femoral band. By this wise provision of Nature, muscidar

eifort is not required to maintain the erect attitude, so that energy

is economised. There is another part of the capsular ligament

that requires special notice, viz., the cervical reflexion. This con-

sists of bands of fibres which come off from the inner surface

of the capsule, and are reflected upwards on to the neck of the

femur, especially towards the anterior and lower, and the_ posterior
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and upper aspects. This reflexion is not necessarily ruptured in
intra-capsular fracture, and conveys blood across the fractured
point, and by this means will tend to a certain .extent to aid the
union of the broken parts.

The Movements at the Hip Joint.—Flexors.-These muscles
flex the thigh on the trunk, or the trunk on the femur. Direct
flexors {i.e., those that pass from the trunk over one joint only)
—•(1) The psoas, (2) iliacus, and (.3) pectineus. Indirect flexors
(i.e., muscles passing over two joints, and only acting secondarily
on the hip joint-(l) The rectus, and (2) sartorius. Extensors.—
i)«-«c^-The three glutei muscles. It shoidd be observed that in
the extension movements required at the hip joint in ordinary
walking the gluteus maximus is not used; it only comes into play
when greater energy is required. Indvrect~T\i^ three hamstrings
(biceps, semi-tendinosus, and semi-membranosus). Abductors.—
(1) The gluteus medius, (2) gluteus minimus, (.3) tensor fascial
femons, and (4) sartorius. Adductors.-(l) The three adductors,
(1) gracihs, (3) pectineus, (4) quadratus femoris, and (5) obturator
extemus. External Rotators.—(1) Gluteus maximus, (2) gluteus
medius (posterior part), (3) pyriformis, (4) obturator internus and
the two gemelli, (5) quadratus femoris, (6) obturator externus, and

/ psoas and iliacus. Internal Rotators.-(l) Gluteus minimus,
(2) gluteus medius (anterior part), and (3) tensor fascias femoris
it will be noticed that the external rotators are much more
numerous and powerful than the internal, so that the foot
naturally tends to fall outwards when one assumes the supine
position. ^

Muscles in direct contact with the Capsule of the Hip Joint-In 7',w^^-The psoas and the iliacus. Ahove~{\) The rectus
(reflected tendon), and (2) the gluteus minimus. On its inner

> m 'lu
P^^tineus, and (2) the obturator externus. Beldnd

,r
Py"^<^^°"«' (2) the obturator internus and the twogeme h (3) part of the gluteus minimus, (4) the obturator externus,

and (.5) the quadratus femoris.

The range of motion of the joint in its various directions is
limited in a general way, as follows by the anterior
fibres of the capsule and Hio-femoral band; FU^on, by the contact
of the neck of the femur with the acetabulum and soft parts of



388 Applied Anatomy:

the groin; Abduction, by tho pubo-femoral band and lower part

of the capsule
;

Adduction, by the ilio-trochanteric band and the

upper part of the capsule in extension, and the liganientum teres

in the flexed position; External Mutation, by the inner limb of

the Y-shaped ligament during extension, and the outjjr limb and

ligamentum teres during flexion; Internal Rotation, by the ischio-

femoral and Y- ligament. The ligamentum teres is rendered tense

either when tbe thigh is partly flexed and adducted, or when the

limb is flexed and rotated outwards

—

i.e., flexion with adduction

or external rotation. Mr Savory also maintains that it is always

made tense iu the upright position, and is stdl further tightened

in standing on one leg.

In efliision into the joint, as in Acute Synovitis (a rather rare

condition, pure and simple), the swelling will be difficult to detect,

on account of the depth of the joint from the surface, and the

thick capsule. As in other joints, it will tend to show itself where

the capsule is thinnest

—

in front, internal to the inner head of the

Y- shaped ligament, and hehind at the posterior and lower part of

the capsule. In these parts, therefore, any swelling and tenderness

must be first looked for; the joint at the same time will be flexed,

abducted, and rotated outwards, as in the position of flexion the

joint holds most fluid with the least tension, and abduction and

eversion relax the outer and inner bands, respectively, of the

ilio-femoral ligament.

Bursa under the Psoas Tendon.—Inflammation of this bursa

gives rise to symptoms somewhat like those of hip joint disease.

It may be possible to feel a fluctuating swelling deep in the groin;

the thigh is held in a position of flexion and abduction, the patient

is unable to extend it, and should he or the Surgeon attempt to do

so there is marked pain, the anterior superior spine follows the

movements of the femur, and there is arching forwards of the

lumbar spine (lordosis) as by this movement the inflamed structure

is pressed upon. The joint, however, can be readily fe.i-ed, and

when so held the pain disappears; there is an absence of all

rigidity, and there is perfect smoothness of all the movements at

the hip joint, as in this position all pressure is removed from the

bursa in question. The only movement that cannot be properly

performed, therefore, is extension.
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DISLOCATIONS OF THE HIP JOINT.

The dislocations of this joint are various, but whatever jjosition
the head of the bone ultimately assumes, the primary dislocation,
just as in the shoulder joint, is alwayii in a downward direction.
The forms of regular dislocation in the order of frequency are—
(1) Backwards and upwards, upon the dorsum Uii; (2) backwards,
into the great sacro-sciatic notch; (3) forwards and downwards, into
the foramen ovale; and (4) forwards and upwards, upon the pubes.
The first two forms are the most common; in aU the four forms
the ligamentum teres is usually ruptured, but the ilio-femoral band
remains intact.

AVe have to notice the influence exerted (1) by the Y- ligament

;

(2) by the tendon of the obturator internus, as it is found in the
gluteal region, on the various forms of regular dislocation of this
joint :

—

1. The Y- Ligament.—If this ligament escape rupture, we may
get any of the four regular forms of dislgcation enumerated above;
if it be wholly ruptured, the dislocation wiH be of an irregular
form. In no case do muscles (except perhaps the obturator
internus) exercise any direct influence on the displacement. In
dislocation on to the dorsum ilii, and into the great saci-e-sciatic
notch there is marked inversion of the limb ; this is because the
iho-femoral band is not ruptured, and the external rotators are
powerless to rupture it, and are therefore. unable, so long as the
ligament remains intact, to evert tlie limb. Por the same reasonm dislocation into the foramen ovale the limb is flered In
dislocation on to the pubes the ligament is lax, and hence the
external rotators are at liberty to act, and, having nothing to
oppose them, produce marked aversion.

2 The Tendon of the Obturator Internus. -Bigelow has
pointed out that the muscular body of this muscle is usually mixed
Avith tendmous structure; by this^means it acquires great strength,
and when contracted acts as a powerful accessory ligament on the
postenor aspect of the hip joint. It has also been pointed out by
the same Surgeon that in dislocations on to the dorsum ilii, and
into the great sacro-sciatic notch, the bone passes in exactly the
same direction in the first instance ; but in dislocation on to the
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dorsum ilii, the head, in passing upwards and hackwards, passes

Jxitween the tendon of the ohturator internus and the pelvis,

wliereas in dislocation into the great sacro-sciatic notch, tlie head

of tlie hone as it passes backwards, passes heldnd the tendon of

the obturator internus, the tendon lying over the neck of the bone

and preventing its ascent.

Mr Morris states that when the limb is flexed, abducted,

aud rotated inwards, the backward dislocations are produced ; in

moderate flexion, "the head rests on the dorsum ilii; in extreme

flexion, it comes to rest near the sciatic notch. Wlien the limb is

abducted, extended, and rotated outwards, the dislocation upon the

jiubes occurs. In very forcible abduction, the head of the bone is

sent into the perinseum. If there be neither rotation, forced flexion,

nor extension, the head of the bone rests in its primary position

—in the thyroid foramen. The dislocations, therefore, it will be

observed, aU occur in the abducted position of the limb, because

(1) during abduction the head of the bone passes to the slialloAvest

and weakest part of the acetabulum, and presses on the least sup-

ported part of the capsule; and (2) during abduction the ligamentum

teres is loose. The same condition of parts is also brought about,

even when the limb is not abducted, if the body be forced over to

the dislocated side. The reverse is true in regard to the adducted

position. Just as in the shoulder, there is but one primary form of \
dislocation of the hip joint, and in both cases that dislocation is

dowuAvards ; in the shoulder the rent in the capsule is at tlie lower

and anterior part, but in the hip it is at the lower and 2?osterior

part. Purther, observe that in the shoulder, the forward disloca-

tions are the most common, but in the hip it is the backward forms.

The point at which the head of the bone will ultimately come to

rest depends on the direction and amount of the violence, as well

as on the position of the limb. Dislocations occur chiefly in men

during the middle period of life (twenty to fifty), and is specially

apt to be produced in certain occupations, as miners and navvies.

The same application of violence in an old person Avill produce

intra-capsiUar fracture of the neck of the bone ; in young persons,

fracture of the shaft.

There are Special Test Lines made use of in the diagnosis of

dislocations of the femur and fractures of the neck of the bone.
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1. Nelaton's Test Line.—Draw a line from the anterior superior

spinous process of the ilium over the outer side of the hip to the
most prominent part of the tuberosity of the ischium. In health,

the top of the great trochanter should just touch this line in every

position of the joint. The disadvantage of this measurement is

that the patient has to be rolled over towards the sound side, a

movement whicli may not only be very painful to the patient, but
may be actually injurious, as it may loosen an impacted fracture

of the neck.

2. Bryant's Triangle.—The patient is laid flat on his back,
on a firm mattress or couch, and a perpendicular is dropped from
the anterior superior spine of the ilium; then a second line at

right angles to the first is dropped from it to the top of the great

trochanter then the two lines are joined by a third one from the
anterior superior spine to the top of the great ti'ochanter, thus
completing the " triangle." The length of the second line, compared
with a corresponding line on the opposite side, shows the amount
of vertical displacement; the length of the third line shows roughly
the degree of displacement of the trochanter backwards or forwards.
The advantage of Bryant's method is that the measurements can
be taken without moving the patient, which is of importance in
cases of fracture.

3. Morris's -Bitrochanteric IVIeasurement.— This is chiefly of
use in cases of fracture, and shows the degree of inward displace-

ment of the trochanter, just as Bryant's method shows the degree
of vertical displacement. The distance from the tip of the great
trochanter to the symphysis pubis is measured on both sides and
the figures compared ; on the injured side the distance between the
two points is always less. Mi- Morris has constructed a special
measuring rod for this purpose, which shows the state of affairs at
a glance.

4. Another Metliod, wliich I have only seen used by Professor
Chiene, is to mark with ink the anterior superior spines of the
two sides, and also the tip of the great trochanter, on each side,

and then, by placing two straight pieces of narrow board—or better
still, two flexible flat pieces of steel or brass, so as to arch over the
prominence of the abdomen—transversely on these four points, and
observe whether or not the two rods are paraUel with each other.
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This method can be used anywhere and by any one, Avithout
disturbing the patient in the. least. Of course, it only shows the
upward displacement of the trochanter, but it could easily be
combined with an apparatus like that used by Mr Morris, when
it would show at a glance not only the amount of the upward
displacement, but the amount of the inward displacement as well,

and even the extent of eversion or inversion (Fig. 75).

Fig. 75.

Fracture of the Neck of the Femur.

Anterior Superior Spine. Anterior Superior Spine.

Fractured Side. Middle Line. Healthy Side. ^

Obscrvo, ou the Fracturetl Side, that not only is tlic Trocliauler raised,

but it is also nearer the Jiliddle Line.

To judge of the position of the head of the femur in dislocatimiti

look to the lie of the internal condyle of the femur, because the

direction of the head and tbat of the internal condjde are' almost
the same (Bigelow).

Other useful Measurements in injuries of the lower extremity
are :—(1) Tlie total length of the limb from the anterior superior

iliac spine to the tip of either malleolus. (2) The length of the

thigh, from the same point to the upper edge of the patella, or

to the adductor tubercle. (3) The length of the leg, from the

upper edge of either tibial condyle to tlie tip of the corresponding

malleolus.
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THE BACKWARD DISLOCATIONS.

1. Upon the Dorsum ilii.—In dislocation on to tlie dorsum ilu

(backwards and upwards), which is the most common form, the

limb is shortened one or two inches, the knee is inverted, slightly

flexed, advanced, and addiicted, and rests against the lower third

of the opposite thigh, and the great toe rests on the upper surface

of the tarsus of the opposite foot; the heel is a little raised, and the

thigh is flexed, and there is a great bulging at the hip from the

projection of the great trochanter, which is directed forwards, and
lies nearer the 'anterior superior iliac spine than natural. There
is marked fixedness of the joint, and the head of the bone rests

on the ilium, a little above arid behind the acetabulum, under
the glutei muscles. It is made to lie at this point partly by the
force causing the dislocation, but is also pulled up by the glutei,

hamstrings, and adductor muscles. Abduction and eversion are

impossible, but there is still a slight amount of inversion, adduction,

and flexion possible. Another symptom, first noted by Syme, is

that if the patient be laid flat on his back on a hard couch or table,

the knee of the dislocated side is raised, but the patient's back rests

evenly on the table ; but if the knee be brought down flat on the
table there is a marked lumbar curve produced, just as in hip joint
disease. Oii pressing the fingers into the groin it will be found
that the femoral vessels have lost their firm posterior sujiport and
seem to lie over a hollow; when compared with the sound side,

the sense of lessened resistance is very marked. The short muscles
covering the joint behind are much lacerated; the ilio-psoas muscle
is very tense, and the pectineus may be torn as well as the glutei.
According to Bigelow, the head of the bone passes between the
tendon of the obturator internus and the innominate bone, and
finally comes to rest above that tendon (" backward dislocation
above the tendon"). This dislocation is caused when the limb is

in the position already explained (abduction, flexion, and internal
rotation), and the patient receives a blow on the back, the result
being either a dislocation or a fracture of the shaft of the femur,
as in miners

;
it may also occur when a person is carrying a heavy

weight and falls down.
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2. Into the Sciatic Notch (backwards).—The Symptoms of this

form resemble very closely those of the previous dislocation, only

they are less marked—it is simply a less advanced form. The limb

is shortened about half-an-inch, the knee is inverted and touches

the opposite knee, but does not tend to cross over it, and the ball

of the great toe rests on the head of the metatarsal bone of the

great toe of the opposite foot. There is less flexion and less bulging

at the than in dislocation on to the dorsum ilii. The head of

the bone rests, not in the sciatic notch, as the name would imply,

but on the back of the ischium, opposite, or a little above, the level

of the spine, and below the tendon of the obturator internus muscle s

("backward dislocation beloio the tendon"). This dislocation is

produced when the limb is in the same position as in the last form,

but with greater flexion and internal rotation.

The backward dislocations must also be distinguished from

—

(1) Fracture of the nech with inversion. In ordinary cases of frac-

ture there is usually marked eversion, which at once distinguishes

it from ordinary forms of dislocation. This 'form of fracture is

rare, and the increased mobility, the extension of the limb, the

marked loss of power, the pain, and the existence of crepitus

will aid the diagnosis. (2) Imjoacted cvtva-capsular fracture, with

inversion. Here the limb will probably be extended; Bryant's

line shortened from half to one inch, approximation of the great

trochanter to the middle line, as shown by the " bitrochanteric
"^^

measurement. There will be great pain over, and probably broad-

ening of, the great trochanter, but the joint will permit movement

freely in all directions, though the great trochanter will not move

in so large a circle as on the sound side. Further, there Avill be

the usual feeling of resistance in tlie groin behind the femoral

vessels, but on pressing the hand against the outer side of the thigh

the ilio-tibial band will be found to be less tense than on the sound

side. Great care is necessary in performing these manijndations,

lest an impacted fracture be converted into an unimpiacted one.

Reduction of Bacl<ward Dislocations by Manipulation.—The

great object is to make the head of the bone pass back to the

acetabulum in exactly the same direction as it left that cavity, and,

therefore, the limb must be put into the same positions as that in

which the dislocation occurred—viz., flexed, abducted, and rotated
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outwards. The success of the method depends on the integrity of

the ilio-femoral band ; it is to act as the fulcrum of the lever, of

Avhich the shaft of the femur below it is the long arm, while the

part above it is the short arm. The manipulations are—(1) FleX

the leg on the thigh to relax the hamstrings, and the great sciatic

nerve, if need be, and also flex the thigh upon the abdomen,

carrying it at the same time into a position of adduction, so as

to relax the iintorn part of the capsule. (2) Circumduct outwards

(a combination of abduction and external rotation) so as to render

the Y-ligament tense, and distend the rent in the capsule ; also to

make the head pass round the way it came, and turn it through the

opening in the Capsule. (3) Quickly extend and bring the limb to

the side of its fellow, so as to make the head pass at once into the

deepest part of the acetabulum. When the dislocation is reduced

the legs may either be tied together with a pillow between the

knees, or the long splint applied. The splint is to be kept on for

a Aveek or ten days, and after this the joint should be supported by
some fixed apparatus, as a leather splint or a plaster of Paris spica,

for two weeks longer.

THE FOEWARD DISLOCATIONS.

1. Into the Foramen Ovale (fonoards and doiomcards).—The
head of the bone rests in the thyroid foramen. Causes.—Sudden
and violent abductiou, unaccompanied either by external rotation,

or fixed fiexion or extension
;
jumping or falling from a height,

with the feet widely apart, as sliding over the end of a loaded

waggon or cart ; or the sudden movement of a carriage, when one
foot is on the step and the other not yet off the ground; and
also getting out of bed quickly, when one foot is caught in the

bed-clothes, while the other descends suddenly to the floor. The
pectineus, gracilis, and adductors longus and brevis are torn, and
the psoas, iliacus, glutei, and pyriformis are put on the stretch

;

the ligamentum teres and capsule are ruptured as before. The
obturator nerve is stretched or torn. Symptoms.—The limb seems
lengthened, the toes point downwards and are a little everted,

and the foot is separated some distance from the other one—the

thigh being flexed and abducted, and in front of the opposite one,
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on account of the tension of the ilio-psoas muscle. The hip is

flattened, the prominence of the great trochanter absent, and tlie

gluteal fold is lowered ; the head of the bone may be felt under
the adductor muscles. The apparent lengthening is believed to be
due to a tilting of the pelvis over to the injured side; to make
quite certain whether it is lengthened or not, the use of Bryant's
test, or careful measurements must be made from the anterior

superior iliac spine to some fixed bony point in the limb, ejj., the

tip of the internal malleolus. The movements of adduction and
extension are impossible without using great force, and giving rise

to severe pain from pressure on the obturator nerve; the limb, x

however, may still be flexed.

2. Upon the Pubes (forwards and v.pioards).—The head of

the bone rests on the ilium, rather than the pubic bone, close to its

junction with the horizontal ramus of the pubes and on the outer

side of the femoral artery. It is caused by violence similar to that

producing the thyroid variety; but where extension and external

rotation of the limb accompany the application of the violence.

Symptoms.—The limb is shortened and abducted, and there is

marked eversion of the foot and knee, and the heel inclines

towards the opposite one. The great trochanter lies nearer the

middle line than the anterior superior spine. The limb cannot be

rotated inwards, but may be slightly flexed. There is sometimes

l^ain and numbness down tlie thigh from pressure on the anterio].'\

crural nerve, and congestion and ojdema from pressure on the

vessels. This form is said to resemble fracture of the neck of the

femur; but it may be distinguished from this by the greater

immobility, and by the situation of the head of the bone in the

groin.

Reduction of the Anterior Dislocations.— (1) Flex the leg

upon the thigh and the tliigh upon the abdomen, as in the

previous dislocations, but, at the same time, abducting the limb.

(2) Circumduct inwards {i.e., adduct and rotate inwards) until

the knee is brought nearly to the middle line of the body; these

movements relax the rent in the capsule, render the Y-ligament

tense, disengage the head of the bone, and bring it round to the

opening by which it escaped. (3) Extend and rotate outwards, so

as to make the head of tlie bone re-enter the acetabulum.
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THE IRREGULAR FORMS.

There are many irregular forms of dislocation, and in all some

part or the whole of the Y-ligament is torn through. The following

are a few of the better marked varieties :

—

1. The Everted Dorsal.—This has all the usual signs of dorsal

dislocations, except that there is eversion instead of inversion, and

there is but slight adduction and the limb may be extended. It is

supposed by some that the outer band of the ilio-femoral ligament

is ruptured.

2. The Supra-Spinous.— The limb is shortened to the extent

of two or three inches, a little abducted and everted, and the head
of the femur is felt just below the anterior superior spine of the

ilium, above and to the outer side of the ilio-femoral ligament. As
in the last form, the outer head of the ilio - femoral ligament is

believed to be torn.

3. The Subspinous.— The hip is -flattened, Biiyant's line is

shortened about two inches, there is extreme eversion and the

head of the femur is found below the outer part of Poupart's

ligament, a little to the inner side of the anterior inferior iliac

spine.

4. in the Perinaeum.—This occurs when the limb is greatly

abducted at the moment the violence is applied. There is extreme
abduction and marked flexion, and the head of the femur can be
felt in the perinteum. The foot may be either inverted or everted.

THE KNEE.

The Knee Joint.

—

Class, Diarthrosis; Suh-Glass, Ginglymus.
The Bones entering into its formation are—1. The Femur, with
its trochlear surface, which is highest and most prominent on the
outer side; and the articular surfaces of the Condyles, of which
the inner is the more elongated from before backwards. 2. The
Tibia, with its two surfaces, of which the internal is the longest,

narrowest, and deepest—the external being the reverse. 3. The
Patella, with its seven facets. The Synovial IVIembrane is the
largest in the body. It forms a large cul-de-sac beneath the
extensor muscles of the thigh, extending upwards for one or two
inches above the articular surface. At the sides it passes beneath
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the vasti and ascends higher on the inner than on the outer side

of the limb beneath these muscles (being the reverse, therefore, of

the articular surfaces); it also covers the lateral aspects of the

tuberosities of the femur for about half their extent, extending

further back on the inner condyle. This large pouch is supported

during the movements of the joint by the sub-crureus muscle, which

is inserted into its upper part. Above the pouch there is some-

times an independent bursa extending upwards for anotlier inch,

but very often it communicates with the cavity of the knee joint.

The membrane also covers both surfaces of the semi-lunar cartilages,

and on the back part of the external one sends a tubular prolonga- ^

tion round the tendon of the popliteus muscle for some distance.

It further surrounds the crucial ligaments by tubular prolongations,

lines the whole interior of the capsule, and lastly very frequently

extends into the superior tibio-fibular articulation. The Arteries

are seven in number—anastomotica magna, five branches from the

popliteal artery, and the recurrent branch of the anterior tibial.

The Nerves are nine in number— branches from the obturator,

from the nerve to the vastus externus, and from the nerve to the

vastus internus (both from the anterior crural), three from the in-

ternal popliteal, two from the external popliteal, and the recurrent

articular from the termination of the same nerve.

The Ligaments of this joint are very numerous, and are divided

into internal and external sets. External Ligaments.— 1. The\

internal lateral, a broad flat band, from the back part of the inner

tuberosity of the femur to the inner tuberosity and upper part

of the shaft of the tibia. Beneath it pass the inferior internal

articular vessels. 2. The external lateral—the lowj part, passing

from the back part of the outer tuberosity of the femur to the

outer part of the head of the fibula. ' It pierces the tendon of

the biceps, and under it pass the tendon of the popliteus and the

inferior external articular vessels. The sliort part is more posterior,

and is attached below to the apex of the styloid process of the

fibula. 3. The posterior ligament, or ligament of Winslow, a

broad flat band principally derived from the tendon of the semi-

membranosus. 4. The ligamentum patellre, the continuation of the

tendon of the quadriceps extensor cruris, passing from the apex of

the patella to the lower part of the tubercle of the tibia ;
betAveen
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it and the upper part of the tubercle is a small bursa, and a large

mass of fat (the infra-patellar pad) separates it from the synovial

membrane of the knee joint. 5. The capsular, which is a strong

librous membrane filling up the gaps left by the other ligaments,

and is strengthened by fibres from the various muscles surrounding
the joint. Interior Ligaments.— 1. Grucial, anterior and posterior

—(a) The antero - external is attached below to the inner part of

the pit in front of the spine of the tibia
;
above, to the inner and

hinder part of the external condyle of the femur. Its direction is

upwards, backwards, and outwards ; it is rendered tense when the
joint is extended, when the leg is rotated inwards, and in cases

where the tibia tends to be displaced forwards, (b) The x>ostero-

intemal is attached below, to the back of the pit behind the tibial

spine; above, to the fore-part of the inter-condyloid hollow and
side of the inner condyle. Its direction is upwards and a little

forwards; and it is made tense under conditions opposite to those
that tighten the anterior ligament. 2. The semi-Umar cartilages

— («) The internal forms almost a semi-circle, and embraces the
ends of the external. Its anterior end is attached to an impression
towards the front part of the internal articular surface; its posterior
end is attached to the inner edge of the hollow behind the spine
of the tibia along with the posterior crucial ligament, (h) The
external forms about three-fourths of a circle, and its anterior and
posterior ends are interposed between the attachments of the
internal cartilage, in front of, and behind the spine of the tibia

;

this cartilage is more movable than its fellow and less firmly
attached to the head of the tibia. 3. The transverse ligament,
which passes between the two cartilages. 4. The coronary liga-

ment, which connects the convex borders of the cartilages with
the head of the tibia. 5. The ligamentum mucosum, which is

simply a process of synovial membrane. 6. The ligamenta alaria,
its fringed borders.

_

The following Structures are found upon the Head of the
Tibia from before backwards (Fig. 76):—(1) Transverse ligament;
(2) anterior extremity of internal semi-lunar cartilage; (3) anterior
crucial ligament; (4) anterior extremity of external semi-lunar
cartUage; (5) posterior extremity of external semi-lunar cartilage;
(G) posterior extremity of internal semi-lunar cartilage; and (7) the
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posterior crucial ligament. The key to the position is to remember

that the internal cartilage embraces both ends of the external, and

that the anterior crucial is placed hetween the two anterior ends,

but the posterior is behind both the posterior ends.

Fig. 76.

Head of Left Tibia.

Tlie Movements of this joint are in some respects peculiar:

—

1. It is not a jjure hinge-joint, but has in addition a gliding and

rolling movement. In these movements the semi-lunar cartilages

(which may be regarded as inter-articular fibro-cartUages) form

movable and accurately fitting wedges. It is of great practical

importance to keep tliis gliding movement in mind in the case of

distortion of the joint due to strumous arthritis; in this disease the

joint becomes markedly flexed, the tibia lying against the posterior

part of the condyles having glided backwards. For this reason

forcible straightening can do no good, unless in recent cases,

as it will not restore the bones to their normal position, the

tibia retaining its backward displacement, even after the leg is

straightened. 2. The movement is through an oblique plane,

the axis of the femur is downwards and inwards, but when the

leg is flexed it is parallel Avith the thigh. 3. There is a move-

ment of rotation at the completion of extension which is called

the "locking" or "screwing home" of the joint. 4. "When

the knee is partly flexed, the joint admits of internal and external

rotation. Another point worthy of notice is the movements of

the patella on the articular surface of the femur. This is a move-

ment partly of gliding and partly of co-aptation. The patella has

seven facets on its articular surface—three pairs, and one internal
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perpendicular facet. When the knee is extended, as in the erect

position, the two inferior facets are in- contact with the upper part

of the troclilear surface of the femur ; in semiflexion, the middle

facets come into contact with the femur; in still greater flexion, the

superior pair are brought into contact; while in extreme flexion,

the patella leaves the trochlear surface of the femur altogether,

and the internal perpendicular facet then lies in contact with the

outer margin of the inner condyle. Further, at the completion of

extension, there is a slight rotation outwards to "lock" the joint;

and, at the beginning of flexion, there is a slfght rotation inwards

of the leg and foot to " unlock " it. The centre of gravity of the

body, in the erect attitude, falls in front of the axis of motion of

the knee joint, and there is a tendency, therefore, to over-extension;

but this is impossible, because of the tension of the lateral, posterior,

and anterior crucial ligaments (the posterior crucial being tightened

in flexion). In this way the erect attitude is maintained Avithout

the expenditure of muscular energy. Professor Humphry states

that the semi-lunar cartilages do not follow the tibia in the move-
ments of rotation (pronation and supination), these movements
taking place between the head of the tibia and the cartilages, while

the chief movements of the joint take place between the femur

and the cartilages. This probably explains the production of the

"Internal Derangement of the Knee Joint," which is usually-

produced duj'ing some sudden wrench of the leg, that is of the

tibia on the femur, or of the femur on the tibia. Flexors.

—

Direct— (1) Biceps, (2) semi-tendinosus, (3) semi-membranosus,

and (4) popliteus. Indirect— (1) Gastrocnemius, (2) plantaris,

(3) sartorius, and (-4) gracilis. Extensors.—Quadriceps extensor

cruris (formed by the two vasti, the rectus femoris and the crureus).

External Rotator.—(When the limb is partly flexed)—The biceps

as a whole, but especially its short head. Internal Rotators.

—

(1) The popliteus—(this is the chief one, but it only acts when the

knee joint is flexed, and the tendon of the popliteus lying in its

groove), (2) semi-tendinosus, (3) semi-membranosus, (4) sartorius,

and (5) gracilis.- To lock home the joint at the completion of

extension—The extensor muscles as a whole cause a slight rotation

outwards. To unlock the joint at the commencement of flexion

—

(1) Tlio sartorius, (2) gracilis, and (3) semi-tendinosus.

2c
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The different movements of the joint are limited in something
like the following manner :—Flexion is checked by tlie contact of
the soft parts of the leg and thigh; but during this movement
the posterior crucial ligament and the ligamentum patella; are
also tightened, but all the other ligaments are relaxed. Extension
is limited by tiie lateral, the posterior ligament, and the anterior
crucial; during this movement the posterior crucial and ligamentum
patellas are relaxed. When the limb has been brought into a straight
line, over-extension is mainly checked by the tension of the posterior
crucial and posterior ligaments. Forcible over-extension of the joint
may rupture the posterior crucial, e.g., when the leg is supported
horizontally on a chair and some heavy weight falls forcibly upon
the anterior aspect of the knee. Internal rotation, or pronation
(in the semi-flexed position of the knee), is checked by the anterior
crucial ligament. External rotation, or supination, is checked by
the posterior crucial. The crucial ligaments are also important
agents (probably the chief) in the i)revention of lateral movements
of the joint; hence, in cases where the bones move laterally in the

extended position of the limb, there is good reason to believe that

the crucial ligaments are destroyed.

In effusion into the joint, as in Acute Synovitis, the swelling

assumes a horse-shoe shape, and first shows itself at the sides of the

ligamentum patellas, because at these points the synovial membrane
is least supported and nearest the surface. The swelling gradually \
extends upwards under the quadriceps extensor, to the extent of

two or three inches above the upper border of the patella, tlie

sweUing being higher on the inner than on the outer side of the limb.

Fluctuation is readily detected by placing the fingers and thumb of

one hand over the pouches at each side of the ligamentum patellae

and pressing on the large supra-patellar pouch with the other; and
if there is much fluid the patella is floated up off the surface of the

femur, and l)y firm, sudden pressure it may be made to tap against

it, provided the fluid is not in too small quantity, or if in large

quantity, not too tense, and that' the quadriceps extensor is relaxed.

This floating of the patella is a very valuable sign of effusion into

the joint, and may be detected before either fluctuation or swelling

is very evident. To obtain this test the knee must be extended

and the hip flexed to relax the quadriceps extensor and alloNV the
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patella to lie free; in cases wliere the amount of effusion is small,

the largo pouch above the patella should he emptied by pressing

over it with the palm of the hand, as this will press what fluid

there is more directly under the patella. The position of the limb

is one of moderate flexion, combined with external rotation of the

head of the tibia, as in this position the cavity holds most fluid,

and it, at the same time, relaxes the more poAverful ligaments of

the joint (posterior ligament, posterior crucial, and lateral ligaments).

Should, however, the joint remain long in this position, there is a

tendency for the head of the tibia to be partly dislocated backwards

and rotated outwards, from the continued action of the hamstrings,

conjomed with softening and yielding of the crucial and lateral

ligaments ; and for the same reasons there will be slight lateral

movement of the joint.

In efi'usion into the prepatellar bursa (Housemaid's Knee) the

swelHng does not assume the shape of tlie synovial cavity, but
fonns a prominent globular s^velling in front of the patella, thus

obscuring it; whereas, in synovitis, this bone can readily be felt

surmounting the swelling. Above the synovial pouch of the knee
joint there is very frequently a sejxirate bursa about an inch long,

between the quadriceps and the femur, and which may become
filled with effusion, but without affecting the Icnee joint; very
frequently, however, it communicates with the synovial membrane
of the knee joint.

The following muscles act on both Hip and Knee Joints:—
(1) The biceps, (2) the semi-membranosus, (3) the semi-tendinosus,

(4) the rectus femoris, (5) the sartorius, (6) the gluteus maximus
(through the ilio-tibial band), (7) tensor fasciae femoris (through
the ilio-tibial band), and (8) the gracilis. It is evident, therefore,

that in disease of either the hip or knee jouits, both will require to
be kept rigid, in order that the diseased one may be at rest.

There are three circumstances which tend to make the knee
joint insecure— (1) The configuration of the articular surfaces of
the bones; (2) the fact that it is between the two longest bones
in the body, and, therefore, powerful leverage is brought to bear
upon it

; and (.3) its great mobility, ISTevertheless, dislocation of
this joint is rare, its great strength being due to its very powerful
ligaments.
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DISLOCATION OF THE KNEE JOINT.

This is a rare form of accident, for reasons already stated, and

when it does occur, it is usually complicated with such injury to

tlio popliteal vessels as to necessitate amputation. Other complica-

tions are also likely to arise from the force required to dislocate it,

such as rupture of ligaments and muscles, and gangrene may result,

or the joint may fall into a state of suppurative or destructive

inflammation, so that dislocation of the knee joint is more liable

to complications than any other joint. Diastasis of the condyloid

part of the femur in yonng children may resemhle dislocation of

the knee joint. It may he dislocated to either side forwards or

backwards.

1. The Lateral dislocations are most common and always in-

complete, and usually combined with a certain amount of external

rotation, due to the action of the bicejis. One or other condyle

slips over to the opposite half of the tibial surfiice ; the knee is

always slightly ilexed. To reduce, Hex the thigh on the abdomen,

extend the knee, and rotate slightly.

2. Backwards.—This may be either complete or incomplete.

If complete, the ligamentum posticum and the posterior crucial

ligament are ruptured; the limb is shortened and semiflexed, and

the head of the tibia can be felt in the ham.

3. Forwards.—This form occurs more frequently than the last- --^

named dislocation. It is more dangerous also, from pressure on

the popliteal vessels by the lower end of the femur, which is found'

projecting into the popliteal space. There is shortening of the

limb and a certain amount of rotation. To reduce, the thigh is

semiflexed and held firmly by one assistant, while another makes

extension from the ankle joint, and the Surgeon manipulates the

bones into position. In all cases of dislocation, the joint must be

Icept at rest for two or three weeks by lateral splints. In cases

which resist aU the ordinary means of reduction, division of tlie

lateral ligaments has been practised.

4. "Subluxation" of the Knee (Hey's ''Internal Dcranrjemcnl

of the Knee Joint. ")—It is due to partial dislocation of the intenial

semi-lunar cartilage usually; tlie cartilage slips away from its proper

position under the internal condyle, so that tlie surfaces of the
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tibia aud femur are brought into direct aiDposition. Cause.—The

displacement of the internal cartilage is caused either by a wrench

outwards of the foot, or, the foot being fixed, of the body inwards

;

and the external is displaced by movements of an opposite nature,

i.e., a Avrench of the foot inwards, or of the body outwards. There

is sudden, severe, sickening pain felt in the knee, and the joint

remains semiflexed. The edge of the cartilage can sometimes be

felt projecting under the skin. To reduce, flex the joint, and

when the patient is ofi" his guard, forcibly extend, rotating slightly,

either to the inner or the outer side, and at the same time press the

thumb firmly on any tender spot. When the cartilage is reduced the

^ower of extending at once returns. The synovitis induced by the

accident must be treated on general principles; after it has subsided

the leg must be used freely. This condition must be distinguished

from that due to a loose body in the joint.

Displaced Cartilage.

1. In the first instance is caused by

some sudden wrench or twist

when the knee joint is partially

flexed.

2. ilay feel a hollow or projection

over the displaced cartilage, and

the pain always felt at the same

spot.

3. Passive movement is eas}', short

of extreme limits,

4. When any projection can be felt,

mattei-s have gone wrong in tlie

joint.

5. Is a chronic condition.

(!. Tiadical Cure.— Sonie means to

l)revent pronation and supina-

tion of the joint for a long

period till the cartilage adheres

to the head of the tibia again.

In suitable cases Mr ANNANnALE
opens tlie joint aud stitches the

displaced cartilage to the lioad

of the tiliia.

Loose Body.

1. The impaction of a loose body

occurs during the ordinary move-

ments of flexion aud extension.

2. The loose ))ody cannot be felt when
impacted, aud the site of the pain

may vary from time to time.

3. The joint is locked and rigid.

4. When the loose body is felt exter-

nally, the joint is all right.

5. Is always acute.

6. Radical Cure.— Removal of tlie

foreign body through a direct

incision into tlie joint with strict

antiseptic precautions. IJoforc

making the incision the " body
"

should be transfixed with a long

needle, otherwise it may sli])

away into the cavity and cause

much trouble.
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THE PATELLA.
This Lone may be dislocated :

—

1. Outwards.—This is the most conimon form, from the slope
of the femur and quadriceps extensor, which pass downwards and
inwards, making an angle with the ligamentum patellje, which
passes vertically doAvnwards. When, therefore, the quadriceps is

suddenly brought into play it tends to assume a straight line

with the ligamentum patellae, and jerks the patella itself outwards.

The causes, therefore, are sudden muscular contraction, especially

in those who have a tendency to knock-knee, or a blow on the
inner side of the patella during extension—a similar blow dm-ing
flexion would cause fracture. The patella rests on the outer

surface of the external condyle with its inner margin directed

forwards. The leg is usually slightly flexed; very frequently the

dislocation is X)nly partial.

2. Inwards.—This form is almost unknown. To reduce lateral

dislocations—Place the patient on his back, flex the thigh on the

abdomen, and extend the knee joint, so as to relax the quadi-iceps

extensor, and then depress the edge of the patella which is further

from the middle line, so as to raise the other edge and free the bone,

when the quadriceps will at once pull it into position.

3. Vertically.—Usually the outer (Malgaigne), sometimes the

inner edge, of the patella is twisted into the inter-condyloid notch,

and there fixed. The joint is completely extended. It is usually

caused by sharp blows or severe falls on one side of the patella.

To reduce is often a difficult matter, probably from the wedging

of the bone in the notch, or else from its being held by a slit

in the capsule. Chloroform will be necessary, so as to paralyse

the muscles, when flexion, combined with sudden extension and

rotation of the tibia, wDl probably replace the bone. Division

of ligaments and tendons should be avoided, as the division does

no good, and may do a great deal of harm.

4. U pward.S.—This can only occur when the ligamentum patella?,

is ruptured, or torn from its attachment, when the quadriceps extensor

pulls the bone upwards. It may also be displaced downwards, from

rupture of the quadriceps extensor. The Treatment is the same as

that for fractured patella (quod vide).
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THE ANKLE.

The Ankle Joint.

—

Qlciss, Diarthrosis; Sub-Glass, Ginglymns.

Ligaments— (1) The anterior, (2) posterior—these two are very

thin; (3) internal lateral or deltoid, from the apex of the internal

malleolus to the scaphoid, os calcis, and astragalus; and (4) external

lateral, Avhich consists of three strong fasciculi—(a) the anterior

passes from the anterior part of the external malleolus to the front

part of the astragalus
; (6) the middle passes from the tip of the

external malleolus to the outer surface of the os calcis; and (c) the

posterior passes backwards horizontally from the pit on the inner

side of the nialleolus to the posterior surface of the astragalus. The

Nerves of the joint are derived from the internal saphenous and

anterior tibial. The first is derived originally from the lumbar

plexus, the second from the sacral.

IVIovementS.— The movements at the ankle joint are chieflj'-

flexion, and extension, and dorsiflexion. The normal position of

the foot is supposed to be at right angles to the leg ; extension is

pointing the toes, flexion is bringing the foot back again to a right

angle, and dorsiflexion is when the foot passes the right angle and

its upper surface approaches the front of the leg. There is also

a certain amount of movement from side to side when the foot

is extended, because the posterior part of the articular surface

of the astragalus is narrower than the anterior, but in the erect

position there is no lateral movement possible. There are other two
movements spoken about as occurring at the ankle—viz., eversion

and inversion ; the first of these movements is not very free, the

second form is much freer. In Eversion, the outer border of the

foot is raised and drawn outwards. In the production of this

form of club-foot (talipes vcdgus) there is, in the first instance,

an obliteration of the arch of the foot, so that the sole becomes

perfectly flat (talipes planus, or flat-foot), and as the disease

advances, eversion of the foot takes place. The flattening of the

foot is due to the relaxation of the ligaments that support the

arches of the foot ; the ligaments that support the transverse arch

are chiefly the interosseous ligaments, between the cuneiform and
the cuboid bones ; those that support the longitudinal arch are

—

(1) the long plantar ligament (the inferior calcaneo-cuboid)
; (2) t]\o
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Bhort plantar ligament (the short calcaneo-cuboid)
; (3) the Inferior

calcaneo-scaiDhoid ligament, whicli supports the head of the astra-

gakis
; (4) the plantar fascia also assists to maintain the arch

;

(5) the tendon of the tibialis posticus; and (6) the tonic contraction

of the muscles of the sole. When these structures are relaxed tlie

head of the astragalus passes downwards, forwards, and inwards,

producing the condition known as.//a^/oo^, which is often associated

with a peculiar straight and rigid condition of tlie great toe at the

metatarso-phalangeal articulation, and Avhich has been designated
" hallux rigidus." Inversion is a much freer movement. It takes

place at three points—(1) to a ver^^ slight extent at the ankle joint

proper
; (2) a little at the articulation between the astragalus and

the OS calcis; but chiefly at (3) the transverse articulation of the
foot, i.e., at the astragalo-scaphoid and calcaneo-cuboid articulations.

We have an example of this form of movement in talipes varus,

whore the foot is twisted inwards and the sole is contracted.

Flexors of the ankle joint.—Z)/:rec!f—(l) The tibialis anticus, (2) the
peroneus tertiu-s. Indirect—(l) The extensor longus digitorum, and

(2) the extensor proprius hallucis. Extensors.—Z)iVeci'—(l) The
muscles of the calf (gastrocnemius, soleus, and plantaris); (2) the

tibialis posticus; (3) the peroneus longus; and (4) the peroneus
brevis. Indirect—(1) The flexor longus digitorum; and (2) the

flexor longus hallucis. Note that the indirect flexors of the ankle

joint are extensors of the toes; while the indirect extensors are

flexors of the toes. Evertors.—(1) The peroneus longus, (2) the

peroneus brevis, and (3) the peroneus tertius. Invertors,—(1) The
tibialis anticus, and (2) the tibialis posticus. It should be noted
that in ordinary extension movements of the ankle, when a person is

sitting or lying, tlie muscles of the calf are not used, biit the move-
ment is performed by the flexors of the toes (indirect extensors).

It is only when the movement is resisted, or when greater force is

required that the muscles of the calf are used. Flexion of the joint

is limited by the posterior part of the deltoid ligament, by the pos-

terior fasciculus of the external ligament, by the posterior ligament,

and by the contact of the head of the astragalus with the tibia.

Extension is limited by the anterior libres of the deltoid ligament,

anterior and middle fasciculi of the outer, by the anterior ligament,

and by the contact of the astragalus with the tibia behind,
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The position of tlie Malleoli aud the Scaphoid Tubercle —
The internal malleolus is more- prominent and more anterior than

the external ; hut the external extends lower down, and its tip is

ahout half-an-inch hehind, and half-an-inch helow the tip of the

internal. The tuhercle of the scaphoid is nearly two inches in

front of the internal malleolus, and the sustentaculum tali is an

iuch below it; between these two points is the inferior calcaueo-

scaphoid ligament aud a band from the tibialis posticus—the

position of the earlj^ pain in flat foot. In effusion into the joint,

as in Acute Synovitis, the swelling first shows itself in front

beneath the anterior tendons, and at each side in the interval

between the anterior edges of the lateral ligaments and the tendon

of the peroneus tertius on the ontev side, and that of the tibialis

anticus on the inner; further, when looked at from behind the

joint has an appearance of increased width, from filling up of the

hollows on each side of the tendo achiUis. In severe cases it

may be possible to detect bulging of the thin posterior ligament,

and obtain fluctuation on the two sides of the tendo achillis. The

foot usually assumes a position of slight extension (pointing of the

toes), and some amount of inversion. In effusion into the tursa

hmeatli the tendo acMIHs there is a swelling about an iirch above

the point of the heel, the tendon is more prominent and fluctuation

may be obtained from side to side.

DISLOCATIONS.

By dislocation of the ankle is meant displacement of the

trochlea of the astragalus, from the tibio-fibidar mortise, the

astragalus still retaining its natural relations with the rest of the

foot. It may be dislocated in five directions—outwards, inwards,

backwards, forwards, and upwards (in the order of frequency).

Tiiey are usually caused by some violent and sudden twist of the

foot, as treading on the edge of the kerb-stone, or alighting from

a height upon a lower level than expected, with some part of tlio

foot, but not flatly on tlie sole. The antero-posterior are produced

by the sudden arrest of the foot during some violent impulse of

the body, as in leaping from a carriage in motion, or by some
great force applied to tlie foot Avhen the leg is lixod.



410 Applied Anatomy:

1. Outwards.—Caused by a forcible twist of the foot out-
wards, as in suddenly slipjiing off the edge of the kei'bstone, when
the weak fibula first snaps, and then tlie internal lateral ligament
of the ankle, or else the tip of the internal malleolus is torn off.

(a) The Incomplete Form (same, thing as "Poit's fracture"). In
French works on Surgery this injury is called "dislocation of the

foot backwards, with fracture of the fhula;" in EnglLsh text-books,

on the other hand, it is called "Pott's fracture, with backward
displacement of the foot." The astragalus is partly displaced from
the tibia by a rotation on its own horizontal axis, so that the outer

edge of its superior articular surface is higher than the inner, and
rests against the under surface of the tibia. It is always caused
by indirect violence, usually from a twist of the foot outwards, or

else, the foot being firmly jammed, by the body falling outwards

over the ankle. The displacement of the foot is usually a double

one—outwards and backwards. The fractured point of the fibula

is from one and a half to three inches or more above the external

malleolus, that is, through the upper part of its triangular sub-

cutaneous surface. The foot is everted principally by the force

that caused the dislocation, but also by the three peronei muscles,

as weU as the weight of the limb, so tliat the foot almost looks

directly outwards, the outer border being raised, and the heel drawn

up by the muscles of the calf. There is a marked projection on

the inner side, due to the internal malleolus ; and on the outer

side, in the site of the fractured fibula, there is a depression, as\

the broken ends are forced inwards. The strong inferior tibio-

fibular ligament is not ruptured, {h) The Complete Form (same as

" Du^uijtren's fracture"). In this form either the inferior tibio-

fibular ligament is torn, or else a strip of the tibia, to which it is

attached, is torn off, while the deltoid ligament escapes rupture.

It is believed that the forcible eversion of the foot causes the

outer border of the astragalus to act as a wedge, separating the

lower end of the fibula from the tibia, the interosseous ligament

usually tearing off its attachment to the tibia. The trochlear sur-

face of the astragalus is completely displaced to the outer side of .

the bones of the leg and drawn upwards ; the internal malleolus

is sometimes forced through the skin, thus making the disloca-

tion compound. There is increased breadth of the ankle, with
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shortening of the leg, but very little eversion of the foot. The

internal malleolus is further down and more prominent than it

should be; the external malleolus goes up with the astragalus, and

is also prominent but too high. The whole foot has a tendency

to be rotated outwards.

2. Inwards.—This is caused by violence, the reverse of that

which produced the previous dislocation. It is much rarer,

however, as the powerful internal malleolus resists the twist and

very frequently, therefore, the only result is a "sprained" ankle.

Should this dislocation occur, the tibia, and sometimes the fibula

as well, is broken from the sudden wrench -given to the strong

external lateral ligament, which, rather than give way itself,

often snaps the fibula, the broken ends of which in this case are

displaced outwards. It is always incomplete, and the astragalus

rotates on its antero-posterior axis. The sole of the foot is in-

verted, and the external malleolus is very prominent and almost

touches the ground, and there is a depression on the opposite side

of the ankle.

3. Backwards.—It is caused by jumping from a carriage in

motion, or falling backwards while the foot is fixed; the foot

being fixed the inertia of the body carries the leg bones forwards.

It may be complete or incomplete ; if complete, the anterior and

posterior ligaments are torn, and the lower end of the tibia rests

on the neck of the astragalus and scaphoid, with the trochlear

surface of the astragalus behind it. The whole foot is fixed, and

the' anterior part seems too short, and the heel too long with a

depression above it; the tendo achillis is tense, and the toes are

pointed downwards. The lower ends of the tibia and fibula are

prominent in front ; but the fibula is broken about the same place

as in Pott's fracture, and the internal malleolus is also very

frequently broken.

4. Forwards.— Less common tlian the last. It is usually

incomplete, the tibia resting on some part of the articular surface

of the astragalus, and not entirely behind that bone. The foot is

elongated, and the heel shortened and less prominent. The space

in front of the tendo achillis is occupied by a hard mass—-the

ends of the tibia and fibula; both the malleoli are usually broken.

The tendo achillis is lax, and not so prominent as usual.
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To reduce these dislocations, flex the leg on the thigh, extend
the ankle joint so as to relax the muscles of the calf and the

tendo achillis ; one assistant must now hold the thigh firmly,

another seizes the foot and pulls in the direction of the long

axis of the leg, while the Surgeon, by manipulation and pressure,

endeavours to replace the bone. In difficult cases it may be neces- »

sary to divide the tendo achiUis, and probably always at once in

the forward variety. After reduction, the leg is to be placed in

the box splint (see " Fracture of the Bones of the Leg"). In some
cases it may be necessary to resect or even amputate.

5. Upwards.—In this case the two bones are separated, the

inferior tibio-fibular ligaments being ruptured and the astragalus

forced up between them ; tlie anterior and posterior ligaments are

torn. It is caused by falls on the feet from a great height, the

foot being at right angles to the leg, and neither flexed nor

extended ; the characteristic appearance is the increased width of

tlie ankle joint, due to the separation of the malleoli. It is to

be reduced in a similar way to that adopted in the other cases

of dislocation. Sometimes it may be found impossible to do it ;
^

nevertheless, by patience, a useful foot may result.

OTHER DISLOCATIONS OF THE FOOT.

Dislocations of tlie Astragalus.—In all dislocations of this

bone the malleoli are nearer the sole than they should be, but

are not separated from each other more than the normal distance,

and there is little, if any, alteration in the length of the heel or

of the anterior part of tlie foot. The astragalus is thrown out of.

l)roper relation, both Avith the bones of the leg and the other bones '

of the tarsus ; there is an entire loss of flexion and extension at

the ankle joint. The ligaments connecting the astragalus Avith

the other bones of the ankle are torn.

1. Forwards.—The most common form. The astragalus is shot

forward like an orange pip) from between the finger and thumb,

and rotated .slightly at the same time—usually to the outer side.

1 1 may be complete or incomplete. A swelling is noticed to one

or other side, Avhicli is the round, globular head of the astragalii.>^

covered by tense slcin ; it may be possible to distinguish the outline}
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of tlie head, as well as the saddle-shaped articular surface. This

dislocation is usually caused by a fall or twist on the extended

foot ; it is very often compound.

2. Backwards.—This is caused by falls or twists on the flexed

foot ; it is rare. There is a hard prominence felt just above the

heel, between the tendo achillis and the malleoli. The foot seems

shorter, and there is a prominence in front caused by the ends of

the tibia and fibula.

3. Lateral.—If complete, must always be compound. If to

the outer side, the foot is turned inwards, and there is a great

IMojection of the external malleolus. If to the inner side, the

appearances are reversed.

4. Version.—A rotation of the astragalus on its horizontal

or vertical axis. The history of severe injury, and the loss of

movement must guide. To reduce, give chloroform and attempt

reduction as in the previous dislocations, by flexing the leg on

tlie thigh, extending tlie foot, and then by extension, coiuiter-

exteusion, and manipulation, forcing the bone bade to its place.

It may be advisable to divide the tendo achillis or any other

tmm tendon, such as the posterior tibial. In iinpossiblc cases,

put up in the best position, wait and watch, and act accordingly.

Should the skin threaten to slough over the head of the- bone, it

must be excised. Do not be in too great a hurry to amputate.

Subastragaloid Dislocations.^— These are dislocations at the

calcaneo-talo-scaphoid articulation. The astragalus maintains its

normal relations with the tibia and fibula, whilst the rest of the

foot is partially or completely disarticulated from it ; the malleoli

are not so depressed as in dislocation of the astragalus, nor is the

rigidity of the joint so great. The foot may thus be displaced

forwards, backwards, or laterally; the usual form is backwards,

from a strain or twist. It is seldom, however, directly back-

wards ; the foot is usually at the same time twisted outwards or

inwards.

If backwards and outwards, the foot is everted and abducted,

till! sole looks outwards, and there is great prominence of tlie heel;

the inner malleolus and head of the astragalus are prominent, but

the outer malleolus is not so. prominent.
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If backwards and inwards, the symptoms are reversed. The
ligaments connecting the astragalus with the os calcis and scaphoid

are more or less completely ruptured; the malleoli are often

fractured, and the lateral ligaments of the ankle joint more or

less torn.

Laterally.—These are usually incomplete and often compound;
they are more common than the antero -posterior forms. In the

inioard form the appearance resembles that of talijjes varus—the

foot is inverted, its inner border is raised, shortened, and rendered

concave, while its outer border is lengthened and convex. The head
of the astragalus and outer malleolus form a marked projection

on the outer side of the foot; the inner malleolus is buried, and
the whole limb seems shorter than natural. In the outward form
the reverse holds true. The appearance resembles that of talipes

oahjiis ; tlie foot is everted, its outer border is raised, shortened,

and concave, while the inner is lengthened and convex. The outer

malleolus is buried, while the tibia and head of the astragalus form
a marked projection on the inner side.

Tlic Treatment must be conducted on the same pruiciiJes as in

dislocations of the astragalus. •



Surgical, Medical, and Operative. 415

CHAPTER XXIII.

FRACTURES.

Before describing fractures in detail, I will give a short account

of the

ANATOMY OF A BONE.

Taking a long hone, such as the femur, we see it consists of

a shaft and two extremities. The shaft consists of a thick layer of

compact tissue externally, with a thin lining of cancellous tissue,

and encloses the medullary canal, and this in turn contains the

yellow m,arrow, which consists chiefly of fat and blood-vessels

;

in some cases of fracture this fat passes into the circidation and

causes fatty emboli in the pulmonary capillaries. The articular

ends of the bone consist almost entirely of cancellous tissue, with

a thin covering of compact bone which gradually becomes thinner

until it ceases at the margin of the articular cartilage ; this spongy

tissue contains the red or hlood-forming marrow, although the

larger cancelli contain principally yellow marrow. It is in this

part also that the " myeloid," or " giant cells," are found, which

probably explains their presence in sarcomatous tumours of the

articular ends of bones.

The Periosteum.— This is a fibrous n^embrane, forming a

complete external covering to the bones, except where they are

covered with cartilage and at the insertion of strong tendons. It

consists of two layers

—

(a) an outer layer, composed of elastic

and white fibrous tissue, running longitudinafly for the most part,

and (h) an inner layer which is soft and cellular, and in Avhich

the blood-vessels break up before entering the bone. The cells

next the bone are called osteohlasts, or bone-forming cells, and

the whole inner layer is .sometimes called the usteoyenetic layer;
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this layer is also prolonged into the Haversian canals. In young
subjects it is very cellular and soft, but as age advances it becomes
more fibrous and contains fewer osteoblasts; in amputations per-

formed on young persons, therefore, one must be very careful,

after the bone is divided, not tia strip back the periosteum by
pulling on the Haps. Further, since the periosteum, from the
arrangement of its fibrous layer, tends to split longitudinalbj and
not circularly, it is necessary ui subperiosteal resections, not only
to divide the periosteum lonrjitudinallij, but to make transverse

cuts as well, otherwise the membrane will strip up far beyond
the part required; this is well shown iu resections of the ribs,

the upper part of the femur, and in many other situations. The
Haversian canals contain blood-vessels for the nourishment of the

bone, fine connective tissue, lymphatics, and nerves, and a lining •

of osteoblasts or bone-forming cells. In the medullary canal of

a long bone the vascular fibrous tissue is condensed into a kind
of membrano called the endudeuvi. The periosteum serves a

double purpose

—

(a) from it the compact tissue of the shaft

receives its principal blood supply; and (h) by it the shaft of the*

bone increases in thickness, while the medullary canal is beuig

hollowed out; in fact, the entire shaft of the permanent bone is

produced by the periosteum, for the part originally formed in

cartilage is all removed to form the medullary canal.

The bones increase m length by progressive ossification of the

layers of cartilage which intervene IjctAveen the ends of the shaft and

the epiphyses
;
growth continues, therefore, as long as the cartilage

remains unossified. Sometimes, from an injury causing separation

of the epiphysis, or setting up simple or tubercular inflammation,

one epiphysis may unite sooner than its fello-w of the opposite

limb, and in this way one limb will gradually become shorter than

tlie other ; this is of special importance in cases of injuries to the

hip joint in young people (up to eighteen years). But bones also

grow slightly in length by interstitial deposit; this is well seen

in cases of interstitial ostitis attacking a bone during the growing

period. In this way one limb gradually becomes longer than its

fellow ; the bone is usually at the same time thickened, as well as

lengthened, from the presence of 2}sriostitis ; but the periostitis,

while it accounts fur the Ikiclceninr/, could not account for the
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lengthening of tlie bone. In young bones the periosteum is always

firmly adherent to the epiphyseal cartilages. The mode in which

bones grow in length was first proved by Hales, Hunter, and

others, who introduced shot, or ivory pegs, at definite distances into

the shaft of the growing bone of a common -fowl, and examined

them a fortnight or three weeks later ; it was then found that the

distance between the two pegs was only half as much increased as

the distance between a given peg and the end of the bone.

The Nutrition of a Bone.—A long bone has three sources of

blood supply :

—

1. The articular ends are supplied by the articular arteries,

being cut oif from the shaft proper in early life by the epiphyseal

cartilage. Hence it is, therefore, that the articular ends of the

bones seldom perish in the disease known as diffuse infective

mippurative im-iostitis ( = the so-called " acute nrxrosis" which

probably also incliides the circumscribed and less extensive form,

as well as the diffuse), whUe the whole sh,aft may perish, from

epiphyseal line to epiphyseal line. This is very fortunate, for were

it otherwise tlie joints would be speedily involved, and amputation

Avould be required almost in every case
;
Avhereas, as a matter of

fact, amputation is seldom required, because the pus rarely finds

its way into the articulation. When this unfortunate accident

occurs, it is because the pressure of the septic pus separates the

strong attachment between the periosteum and the epiphyseal

cartUage, and thus finds its way into the joint; the importance,

therefore, of « free and early incision doiun to tlie horn will be at

once evident. The veins, in the spongy tissue of bone especially,

are peculiar—e. g., in the diploe, vertebrte, ends of long bones, jetc.

In the first place, they run in canals by themselves; and, in the

second, their walls are very thin, and do not collapse when the

bone is broken across, since they are attached to the bony tissue

around them, and they often contain pouch -like dilatations.

Further, they arc exceedingly numerous. Now, these facts explain

two interesting pathological points—(1) How these open mouths

in fracture of the bone readily take up floating oil globules, giving

rise to fat embolism. Tliis is most apt to occur in cases where

the bone is broken into a nuniber of fragments {comminuted) and

usually from tAvcnty-four hours to three days after the accident;
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the signs resemble acute lobar pueiunonia. There is sudden

dyspnoea, rapid, laboured breathing and cyanosis, rapid weak
pulse and turbulent heart, but on auscultation the air is heard

to enter and leave the lungs freely ; sometimes fat is observed

floating on the surface of tlie urine. (2) It also helps towards an

explanation of the origin of pyannia

—

&.(]., following comjDound

fractures of the bones of the head. The mouths of the veins"

are, as I said, patent and non-collapsable, and the usual steps of

the process are probably the following—(«) Osteo-jjhlebitis Avith

thrombosis in the open mouths
;

ilS) this thrombus is sejitic, or

readily becomes so, and therefore (c) tends to break down ( = the

old " suppurative plilehitis"), and (d) forms minute septic emboli,

which are carried far and wide by the blood -stream, and are

caught at points where the ^'essels break up into capillaries, as in

the lungs and liver, and when the little plugs come to rest, the

micro-organisms they contain begin to multiply, and hence we

have (e) the secondary abscesses. Eut the same series of changes

may occur even though the veins in the bone be not torn across, as

their walls are so thin that septic processes readily spread from the

bone into the vein, forming a true septic phlebitis, as in idiopathic

osteo-myelitis, Avhich often exists along with " acute necrosis." .

2. The shaft of a long bone is supplied chiefly by the periosteum.

If we look at the surface of the shaft of a long bone we can see a

large number of minute longitudinal grooves, in which the vessels

lie before entering the substance of the bone ; at the ends of tlie

grooves, by the aid of a pocket lens, we can also see very fine

oblique openings—in fact, the ends of Haversian cajials, into

which the vessels pass." It is usually taught that if the periosteum

be stripped from a bone the bone will die, but this does not iieces-

mrilij follow, and for various reasons—(1) If the periosteum is not

raised too fur from the bone, the vascular connections will not be

torn, because many of the capillaries run for some distance along

the surface of the bone, in the grooves already mentioned, before

they enter the Haversian canals, and the efliision bet;veen the

bone and the periosteum simply raises them from the horizontal
^

to the vertical position
;

further, the vessels can be pulled for-

some distance out of the Haversian canals M'ithout tearing across.

(2) Tlien again, even if the vascular connections are torn across
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in the first instance, if the separation of the periosteum from tlie

bono he not too Jong continued, the periosteum may fall down and

become again connected with the vessels in the compact tissue.

(3) 35ut still further, even though the vascidar connections are

torn, and the periosteum be separated from the hone for an

indefinite period, still the bone may not necrose, because the

vessels in the compact tissue are still filled with blood on account

of the anastomosis between the vessels of the marrow and the

" endosteum " with those in the compact tissue from the peri-

osteum. (4) The question, too, of septicity has a very important

bearing on this point ; even though the periosteum be extensively

stripped up, if the wound be kept free from septic micro-organisms

it will very likely unite again A\'ithout a trace of necrosis, hut this

cannot possibly occur should the wound he septic.

3. The so-called " nutrient artery " passes iiito the interior

of the bone and supphes the marrow and endosteum; it. Avould

be better therefore to call it the medullurij artery. It reaches

the interior through a distinct bony canal which runs obliquely

through the sliaft, near its middle ; in the hones of the upper

extremity the nutrient arteries are directed or run toivards the

elbow, while in the lower extremity they run from the knee.

Another curious point is, that in young . hones the ej)iphyses of

that end towards which the nutrient artery runs, are the last to

hecj'm to ossify, but are the first to unite after they have begun
;

the lower end of the fibida, however, is an exception to this rule.

When the artery reaches the interior of the bone, it divides into

ascending and descending branches, which, on the one hand, anas-

tomose with the vessels from the periosteum, and on the other,

with the articular vessels at the spongy ends, after the epii)hyscs

have completely united.

The Growth of New Bone. — By means of experiments with

madder, which, when mixed with the food of young animals,

renders the bone produced during its administration of a deep red

colour, it M'as shown by DuUxVmel, that a coloured ring was pro-

duced under the periosteum, a coloured layer under the epiphyseal

cartilage, and coloured circles in the Haversian canals ] at these

points, therefore, new Ijone is laid down. Syme, in 1840, showed

that if a silver plate Ite inserted between the periosteum and the
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bone, that the periostemu produced a layer of hone oidside the

plate, and further, proved that a hone may be regenerated after

its removal, provided the periosteum be left. Olheu, further,

in 1867, showed that the periosteum produces bone, even when
it is excised and planted beneath the skin. The sources of bone

regeneration in disease or fracture are^—(I) The osteoblasts of the

deep layer of the periosteum; (2) the bone itself, probably from

the osteoblasts contained in the Haversian canals, Avhich sprout

forth in the form of bone-producing granulations; (3) the soft

tissues near the periosteum, as tendons and interosseous membranes

and fascia
;
and, (4) doubtfully, the endosteum.

Re-absorption of Bone.— Howship was the first to observe

small pits on the fangs of the milk teeth during their absorption,

and .also on the surface and interioj' of tiny bone undergomg

absorption ; these little spaces have been called Hoivsli ijfs foveoJo;.

Tomes and Dk Morgan discovered cells lying in these foveolaj, and

gave birth to tlie theory that these cells absorbed tlie underlying

bone; the cells in ([ucstion are multi-nucleated masses of protoplasm,

and have been named mijcloplaxes, by Eobin, and ush-oclasU, by
^

KoLiJKEii. In the madder experiments, while a red layer is found

\mder the osteoblasts, the bone, under the osteoclasts, is unstamed, -

showing at least that they do not produce bone. But while the

osteoclasts may be the cause of bone absorption in physiological

processes, I very much doubt if they have much to do with it in

pathological processes, as in rarefying ostitis or acute inflammation

of bone; here the compact tissue becomes opened out and rendered

si^ongy by absorption of the walls of the Haversian canals. Now,

if one examines the contents of an inflamed Haversian canal, the

cell elements are found to be increased, the vessels enlarged and

'

tortuous; in fact we find granulation tissue—masses of indifferent

cells round loops of blood-vessels. But the property of granulation

tissue is to eat up everything in its neighbourhood, and hence

it attacks the walls of the Haversian canals, eating them away

and rendering the compact bone porous or cancellous. This is the

essential process in rarefying ostitis, and it is also observed in the

ends of a fractured bone previous to the laying do\vn and organisa-

tion of callus. Now compare the different effects of inflammation
.

on bone :—(1) If it is cerij acufe the bone at once dies en maffc
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(necrosis = gangrene of the soft parts), because the extra blood

demand cannot be supplied in time to keep the bone alive, as it

takes a week or ten days before the compact tissue can be opened

up sufficiently. (2) If it is not quite so' acute the bone becomes

rarefied. (3) If at this stage, instead of beginning to subside,

the inflammation continues, the bone becomes so rarefied that the

trabeculfe give way and now we have the condition of caries

( = ulceration of the soft parts, which is in turn = suppuration

on a free surface), the broken trabeculae flow away with the de-

generated cells, and tissue remains ( = jm-^)• Hence it is that the

pus in this case feels gritty, and so also when a probe is passed it

enters soft, spongy, and very sensitive bone. This same series of

changes also occurs in the formation of the "line of demarcation,"

which cuts off", a dead mass of bone from the living, in cases of

necrosis. (4) But suppose the inflammation is chronic, what takes

place 1 The bone becomes sclerosed, the Haversian canals are

filled up, and the whole bone may become hard and heavy as ivory;

witness, for example, the hard polished articular ends of bones in

chronic rheumatic arthritis, and the nodes on the surface of the

tibia in syphilis, due to the localised chronic periostitis so common
in the later stages of that disease.

FRACTURE IN GENERAL.
Fractures may be divided into Sim^ile, Goinjwund, and Com- '

.

plicated. 1. A Simple Fracture is one where the bone is m.erely

broken across, split, or fissured, but where there is no wound of

the soft parts communicating with the broken bones, nor yet near
the injured point. 2. A Compound Fracture is one where the bone
is not only broken, but the soft parts are torn through, so that the
fracture communicates by a wound with the surface of the body,
either through the skin or through the mucous membrane, as in the
case of the lower ja^v. The wound in the soft parts may be caused
in two ways:—(a) By the sliarp end of the broken hone being forced
through the .skhi, as in fractures caused by indirect violence— e./;.,

fracture of the tibia by a twist
;

{h) by the injury that breaks the
bone, as in tlie difierent forms of direct violence. 3. A Complicated
Fracture, when with the fracture is conjoined some other condition
or injury which has no immediate connection witji the fractui'ei'
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point—e.f/., fracture of the tibia witli a wound of the calf, fracture

of the pelvis with rupture of the urethra, fracture of a rib with

injury of the pleura or lung ; also wliere the fracture is associated

with injury of a neighbouring nerve, artery, or Joint. As regards

the direction of the fracture, it may be transverse, as from direct

violence
;
oblique, longitudinal, or spiral, from indirect violence, as ^.

from sudden twists; cnmrninuted, when it is broken into a number

of fragments at one place. An Incomplete or Green-stick Fracture

is when the bone is merely bent, Avith a crack extending across the

convexity of the curve, similar to that produced in a green stick

when it is bent across the knee. It usually occurs in children, and

especially in the fore-arm and clavicle, and, in many cases at least,

tlie periosteum is not torn ; the bone is bent, but there is neither

mobility nor crepitus. It must be distinguished from the curve of

a rickety bone, which, however, is a chronic thing, not produced

suddenly, is symmetrical, and not accompanied with marked pain.

It is possible, of course, to get a green-sticlc fracture in a rickety

child. An Impacted Fracture is Avhere one fragment is wedged

into the other, the compact tissue beiiig driven into the cancellous;*

in this condition there is an alteration in contour and length, but

neither mobility nor crepitus. It is usually met with at the lower

end of the radius (Colles's), and at the upper end of the femur.

It is distinguished from green-stick fracture by the age of the

patient, and the fact that the fractured point is angled, and not

a rounded curve. A Multiple Fracture is where there are two

or more fractures, either in diiferent bones or in different parts of

the same bone, as at the lower end of the humerus and femur, or

both wrists (double Colles). A Diastasis is the separation of an

epiphysis ; it is met with in persons under sixteen or twenty years

of age, and, of course, occurs at the ends of bones near the joints,

and is often difficult to diagnose. It is usually seen at the lower

end of the radius or femur, and at both ends of the humerus. This

is usually foUoAved by a certain amount of shortening of the limb,

as tlie life history of the epiphysis is suddenly hurried on to com-

pletion; it does not entirely stop growing at this end, however, as
'

the'attachment of the epiphysis to tlie shaft may be left undisturbed.

In cases where there are two bones, the after elfects are well marked

—e.g., after separation of the radial epiphysis the hand tends to grotv



Surgical, Medical, a?td Operative. 423

towards the radial side, as the. ixhia, growing faster than the radius,

pushes it over; or, if the ulnar one he affected, the hand wiU he

pushed to the ulnar side. Epiphyseal injury may he produced in

three ways:—(l)rrom actual separation of the epiphysis; (2) from

tuhercular ostitis near the growing line; and (3) from a hlow or fall

jarring it, even though the injury he too slight to cause separation,

yet an inflammation, it may he of a simple nature, is set up which

causes premature ossification of the growing line.

The Causes of Fracture are either predisposing or exciting:

—

1. The exciting causes are— (a) Direct violence, when the hone

gives way at the point struck, and usually in a transverse direc-

tion; (i) indirect violence, such as a strain, when the hone gives

way at the weakest part, and not where the force is applied; and

(c) muscular action, as in the pateUa. 2. The predisposing causes

are very various—as exposed position, age, sex, season of the year,

tumours, and hone diseases, as gummata, sarcomata, etc.

The General Signs of fracture are—1. Alteration in the normal

outline of the limh: this may arise from three causes—(a) The force

which hroke the hone, as the chief cause; (l)) muscular action,

as 'a secondary cause; and (c) the weight of the part. All these

causes are illustrated very well in Pott's fracture. 2. Mohility

in the continuity of the hone. 3. Crepitus or grating hetween

the hroken ends. Of course, other signs, such as swelling, pain,

shock, etc., might he added to this list. In examining a limh for a

supposed fracture, remember that the very last thing the Surgeon is

to do is to handle the parts : learn everything else hefore touching,

so as to give the patient as little pain as possible, and remember

always to compare with the sound limb. He is first to look afrit well,

then compare it with its fellow, then measure ; next gently run

the fingers along the most prominent surface or edge ; and lastly,

if necessary, try for mobility and crepitus. As a rule, the presence

of a fracture should be diagnosed without crepitus ; for just as the

last part of the Surgeon's examination is to handle the limb, so the

very last part of handling should be the attempt to elicit crepitus.

All the signs of fracture enumerated above may be due to otiier

causes, except mobility in the continuity of tlio bone, e.g., deformity

may he due to a previous injury, crepitation, to the movement of

tendons in their sheath, from lymphy exudation, and fluid in the



424 Applied Anatomy:

cellular tissue. Further, deformity may be absent in transverse

fracture, and in cases where there are two bones side by side and

only one is broken. Crepitus is absent in impacted and green-stick

fractures, and obscure in diastasis.

The indications for Treatment are— 1. To remedy the dis-

tortion as completely and as gently as jjossible ; this is the most

important part of the whole treatment. 2. To keep the fractured

ends steady and in good position by the use of means that wUl

command the joint above and below the fracture; in most cases,

however, this will not be enough, notably in the case of the humerus,

where the muscles that move the wrist and fingers take their origin

from the lower end of that bone, and it is necessary, therefore, to

command all tlie muscles, from origin to insertion, that are in any

way attached to the broken bone, in order to avoid the risk of non-

union. 3. In special cases, where the fracture is near a joint and

surrounded by tendons, great care must be taken by judiciously

early passive movement to avoid adhesion and stiilening of the

tendons

—

e.rj., in Colles's fracture of the wrist and in Pott's

fracture of the ankle. This is specially important also in fractures

near the elbow in young persons, with or without separation of the

epiphysis, lest new bone be thrown out and render the joint stiff.

In every case the splints ought to be looked to on the second day,

lest the blood extravasation and serous oozing cause so mucli

swelling of tlie limb that the splints become too tight and produce

gangrene.
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CHAPTER XXIV.

FRACTURES OF THE UPPER EXTREMITY.

THE CLAVICLE.

Development.—The clavicle is developed from two centres

—

one for the' shaft which appears very early (before any other

centre, it is said); so earlj^ does the ossification begin and so

rapidly does it proceed that the whole shaft is bony at birth.

The other centre is for the sternal end, and appears from eighteen

to twenty years, and joins the shaft about twenty-five.

The clavicle is snbcutaneous, and any irregularity therefore,

as in the case of fracture with displacement, is readily felt. It is

more frequently broken than any other single bone in the body,

although the radius almost runs it neck- to neck, and it is more

frequently the seat of green-stick fracture than any other bone.

Statistics show that one-half the total number of fractures of this

bone occur before the age of five years. Green-stick fracture is

very often subperiosteal in children on account of the very thick

and strong periosteum that covers the bone ; it is important to

keep this fact in mind, as there may be little or no displacement,

and the incautious practitioner may state to the parents that there

is no fracture. In a few days "callus" is thrown out, forming

a lump round the bone and leaving no doubt as to the nature

of the accident. Should the case then fall into the hands of an

unscrupulous brother practitioner, quahfied or otherwise, the first

is very likely to be severely blamed and probal)ly lose his patient

as well. Therefore be cautious, and take care to explain Avell to

the parents the probable or possible result. It is also well in all

cases Avhere a child has had a fall, and continues crying, for no
apparent reason, to examine the clavicle. Fractui'e of this bone
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is very common, because— (1) It is much exposed to (lirect

violence; (2) it is the only osseous connection of the upper

ex:tromity with the trunk. Its shape enables it to withstand, to

a certain extent, indirrct violence, the force being partially broken

at each curve.

Causes.—(1) Dived Violence—Fracture from this cause happens

comparatively seldom; when it does take place, the fracture is

transverse and at the point struck. (2) Indirect Violence—This

is the usual cause, as in faUs on the shoulder, elbow, or hand; the

direction of the fractui-e is oblique from without inwards and from

before backwards, and as a rule is situated where the two curves

meet, at the junction of the middle and outer thirds of the bone,

as at this point the bone is more slender than elsewliere. In

children and infants the usual cause is falling out of bed, or being

dropped by a careless nurse. (3) Muscidar Action lias been known
to break the bone, as in using a whip ; in this case the fracture

is usually on the right side and about the middle of the bone.

FRACTURES OF THE CLAVICLE.

1. Fracture at the Sternal End.—Fracture at the sternal end

takes place aljout three-quarters of an inch from the end of the

bone, internal to the rhomboid ligament, and is usually transverse.

This may resemble a dislocation. Tlie outer fragment is draAvu

inwards towards the sternum by the subclavius, and the pectoralis

major and minor muscles. The inner end of the outer fragment

is displaced downwards and inwards and can be felt moving on

the front of the sternum.

2. At the Junction of the Two Curves.—This is by far the

most common seat of fracture. The outer fragment is drawn .

downwards, forwards, and inwards

—

dowmoards, by the weight of

the arm and scapula, and the action of the deltoid and other

muscles acting on the scapula, as the pectorals and latissimus

dorsi; forwards, by the pectorals and serratus magnus rotating it;

and inwards, by the pectoralis major and minor, subclavius and

trapezius, and muscles attached to the posterior border of the

scapula—levator anguli scapulae, and the rhomboids, major and

minor, also the latissimus dorsi. At the same time the outer

end is rotated forwards, whilst the inner end pomts backwards.
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The inner fragment seems raised, but this is because the outer

one is depressed ; it is practically kept in its natural position by

the sterno-iuastoid above, and the pectoralis major, subclavius, and

the rhomboid ligament below. In this fracture the patient cannot

raise his hand to his head ; he keeps the injured arm semiflexed,

and supports it with his other hand, and leans his head and body

to that side to relax the muscles. The slightest movement of the

shoulder causes intense pain. The special features of this fracture

then are (1) Apparent projection of the outer end of the inner

fragment, (2) depression of the outer fragment, (3) falling down

of the arm, (4) narrowing of the chest, and (5) intense pain on

the slightest movement of the injured shoulder.

3. At the Coraco-Clavicular Ligament.—If the fracture takes

place between the conoid and trapezoid ligaments, there will be

little, if any, displacement. This fracture is often caused by

direct violence, and it comes to be a question of diagnosis of this

fracture from a mere hruise of the periosteum. In a bruise the

pain is diffused and dull, there being no specially tender spot,

and no sign on indirect pressure. In fracture the pain is severe

add strictly localised to one spot, which can readily be detected

by carrying the finger along the bone from the sternal side ; the

tender spot is situated about the deepest part of the anterior

concavity, immediately above the coracoid process. Further,

there will be pain at this spot when firm pressure is made on

the great curvature of the bone, at some distance to the inner

side of the injured point, as the pressure makes the broken ends

rub against each other (the indirect method). In a bruise, as the

bone is not broken, there is no pain on applying this test. It may

be possible to elicit crepitus on movinj? the shoulder.

4. It maybe broken to the outer side of the Coraco-Claviculap

Ligament, when the small fragment is gradually drawn round by

the pectoralis minor and major, and serratus magnus, these muscles

depressing and rotating forwards the point of the shoulder, until the

broken fragment lies at right angles to the rest of the bone. ]3y

this means the shoulder is narrowed, and may drop a little from

tlie weight of the arm
;
but, as a rule, there is little, if any, down-

ward displacement of the outer fragment, as it cannot fall without

the scapula moving with it; but the scapula is slung up by the
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coraco-clavicular ligament, and therefore cannot fall down. This
fracture is usually caused by direct violence. Commimded fracture

of the clavicle is dangerous because of its close relation to important

vessels and nerves. The structures most likely to be woimded in

fracture are the veins and the cords going to form the brachial

plexus. The late Sir Egbert Peel in this way got a diffused false

venons aneurism from a fall from his horse in Hyde Park, whicli

was ultimately fatal. Accidents of this kind are, however, fortun-

ately rare, probably on account of the dense fascia which underlies

the clavicle, and the subclavius muscle, protecting tlie vessels from

injury.

TREATMENT OF FRACTURED CLAVICLE.

The most certain method to secure union without deformity,

is to keep the patient flat on his back in bed with a small piUow

between the shoulders, for about tliree weeks, till the fracture

unites ; the head is placed on a thin pillow, and the arm bound

to the side, with the fore-arm across the trunk. In this position

the blade of the scapula is pressed close against the ribs, and in
^

this way its outer angle, with tlie humerus and acromion process,

is pulled outwards and backwards, and the recumbent posture

removes the weight of the arm, whicli is the chief cause of the

downward displacement. This plan may therefore be adopted in

cases where it is sjjecially desirable to avoid deformity, e.g., in

the case of young ladies. This plan miist be adopted also in

complicated and comminuted fractures, and in cases where both

clavicles are broken at once.

I. For Fractures internal to the Coraco-Clavicular Ligament.

—Whatever lalan is adopted it must fulfil tlu'ee conditions ; as to
"

the exact method there are no hard and fast rules, provided the

deformity is remedied. The conditions are that the shoulder must

be drawn—(1) outwards, (2) upwards, and (3) backwards.

1. The shoulder may be drawn backirards by a figure-of-eight

bandage round the shoulders and stitched beliind. But this is

objected to, because the front turns of the bandage may press on

and displace tlie inner end of the outer fragment.

2. The wiKird displacement may be overcome by an axillary

pad, wliicji .acts as a fulcrum to the upper end of the humerus.
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the shoulder being carried outwards Avheu the elbow is pressed to

the side. This also is objectionable, because of the compression it

exerts on the axillary vessels and nerves, causing great pain and

oedema at first, and probably paralysis afterwards.

3. The doionward displacement is best counteracted by raising

the elbow. The arm is firmly fixed to the side by a broad domett

bandage, so guided that it will also support the elbow of the

injured side. Or a special sling may be used.

(«) By Three Handkerchiefs.— 1. One, folded diagonally, is

rolled round a pad of wool, and the pad is placed in the axilla

of the injured side, the ends being crossed on the top of the

opposite shoulder over a small pad, and thence under the axilla,

which is also padded, and the ends tied in front over a small pad

of Avool. 2. The second, also folded diagonally, is applied as a

sling over the opposite shoulder to support the elhoic, and the base

of the triangle is therefore applied to this point; the fore-arm is

flexed at an acute angle and laid so that the fingers ahnost touch

the shoulder of the opposite side. 3. The third, is applied round

the trunk and elbow, so as to fix tlic arm to the side.

In order to get rid of the axillary pad we may adopt Veli'eau's

plan—viz., to carry the elboAV of the injured side well across the

chest, pushing it upwards at the same time, so that the hand
rests on the opposite shoulder, and fixing it there by bandages,

in the same way that the arm is fixed up in cases of excision

of the breast. By this means the point of the shoulder is pushed

directly backwards, upwards, and outwards—the side of the chest

being the fulcrum, and the humerus the lever.

(i) Sayre'a Method.— Two pieces of adhesive plaster spread

upon strong calico or moleskin, about three and a half inches wide,

or less, according to the size of the patient, and for an adult, about
two yards in length. On one of the pieces a loop is made and
stitched, which is passed round the arm of the injured side about
its middle third; the loop must be quite loose, so as not to compress

the vessels, and the non-adhesive side of the plaster next the skin,

so that the adhesive side of tlie rest of the plaster may be next the

body. IJy means of this piece the ariii is drawn well backward)^,

and then the plaster is carried round the body one and a half times

laud the end stitched to the first turn. The second piece passes from
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llie sound shoulder obliquely round the chest, tlic injured arm

being drav^'ll well forwards, Avhen the loop round the arm acts as

a fulcrum, and the sliouldei' is thrown backwards and outwards;

a slit is cut in this piece for the point of the elbow, -which is at the

same time pushed weU upwards. The second piece is then fastened

to itself over the sound shoulder; it must be long enough to com-

plete this circumference once and leave about eight inches more. ^

By these means the blade of the scapula is pressed close to the

ribs, and in this way the point of the shoulder is thi'own outwards

and backwards. It is better, at the same time, to apply a domett

bandage to fix the arm more securely to the side, and support and

steady the elbow.

II. Fractures at the Coraco-Clavicular Ligament,—All that is

re(|uired is simply a broad domett bandage to- fix the arm to tlic

side for a couple of weeks.

III. Fractures External to the Coraco-Clavicular Ligament.

—In this case there are only two displacements to counteract,

forwards and inwards ; and for this purpose the shoulder must be

braced back and the arm fixed to the side—(a) By figure-of-eight

bandage round the shoulders and fastened behind. This counteracts ^

both the inward and tlie forward displacements ; or {h) two padded

handkerchiefs may be used, carried round the axillie from behind,

over the tips of the shoulders, and tied or stitched at the back over

a pad. The arm is then secured to the side as usual.

In adults, fractures internal and external to the coraco-clavicular

ligament will imite in about fotcr weeks; at the ligament, a rest of

two weeks will be sufficient. Fractures of the clavicle in children

will unite in three Aveeks, and in infants in two weeks.

FRACTURES OF THE SCAPULA.

Fractures of the Body of this bone are rare. When tliey occur

'a,ll that is required is a thick, soft pad, and a broad bandage to

steady the parts. The Anatomical Neck, that is, of the glenoid

cavity, external to the root of the coracoid process. A fractui-e

through the anatomical neck is usually caused by direct violence,

and may simulate a subglenoid dislocation of the humerus; but .

by raising the arm the parts resume their natural appearance, with

tlie production of crepitus probably, but become displaced again
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Avlien the support is removed. The Treatment is to raise the elboAv,

place a pad in the axilla, and bind the arm to the side.

fracture through the Surgical Neck, that is, of the glenoid

cavity, and passing through the supra-scapular notch, and internal

therefore to the root of the coracoid process. As the powerful

coraco-clavicular ligament is not ruptured, there can he no displace-

ment, as the broken fragment is slung to the clavicle; hence there

will be crepitus, but no deformity. One can only diagnose this

condition by a process of exclusion (Chiene). AU that is required

in the way of Treatment is to place the fore-arm across the chest

and bind the whole arm firmly to the side.

Fracture of the Acromion Process.—Many of the cases of sup-

posed fracture of this process are believed to have been instances

of non-union of its epiphyseal centres, which appear, one at fifteen.

Fig. 77.

Epiphysis of Acromion Process.

Unites from 22 to 25 years, of age.

and the other at sixteen years, and imite sometime between twenty-

two and twenty-five years of age (Fig. 77). The cause is usually

direct violence, as a blow on the tip of the shoulder, or it may
result from the head of the humerus being forced upwards from

a fall on the elbow. It is necessarily associated with dislocation of

the acromio-clavicular articulation. The broken fragment is drawn
downwards by the deltoid, though the strong periosteum and the

trapezius oppose tlie tendency to great deformity; the arm feels as

if it were dropping ofi", and is, therefore, supported by the other

hand. The patient can neither raise nor abduct the arm. As the

bone is subcutaneous, by running the finger along the spine of

the scapula, the fracture may be readily detected, and, by raising

the arm, tlie deformity is removed, probably with the production

of crepitus. The Treatment is to support the elbow in a sling and
lix the am to the side.
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Fracture of the Coracoid Process.—Fracture- of this process is

rare, because of its depth, aud because it is so well protected by
neighbouring bones. Occasionally, however, fracture is produced

by direct violence, though Mr Lane believes that it is usually

broken by indirect violence, as a fall with the arm fully flexed at

the shoulder joint, so that the coracoid process is jammed against

the under surface of the clavicle ; the same thing would also take

place when a person falls from a height and catches hold of some
thing with his hands—the sudden check would jam the process

against the clavicle. This injury is often associated with dislocation

of the shoulder. Like the previous process, it may be merely the

separation of an epiphysis; a centre appears during the first year

near the tip of the bone, and unites with the rest from twenty-two

to twenty-five years of age. If the fracture is external to the

coraco-clavicular ligament, the detached fragment will be displaced

downwards and inwards by the short head of the biceps and coraco-

brachialis on the one hand, and the pectoralis minor on the other.

If internal to the ligament, there will be no displacement, as it will

simply be slung up to the clavicle by the strong coraco-clavicular

ligament. The Treatment will be to bend the arm to an acute »

angle, to relax the biceps, support the elbow, and bind the whole

arm to the trunk.

THE HUMERUS.

This bone is developed by seven centres; that for (1) the shaft

appears about the fifth week of foetal life, and at birth the shaft is

pretty well ossified though the ends are cartilaginous. (2) A centre

for the head aj^pears during the first or second years, and unites

Avith the tuberosities in the line of the anatomical neck, about the

age of five (Fig. 78). Before five years of age, therefore, it will be

possible to have a separation of this ejDiphysis. (3) There is a centre

for the tuberosities which appears during the second or third years,

and after being joined by the head of the bone, unites with the shaft

at twenty years of age (Fig. 79), the line of union being considerably

above the surgical neck, so that from five to twenty years of age

we are more likely to have a separation at this line than fracture of

the surgical neck (Fig. 78). The length of the bone is mamly due

to growth from this upper epiphysis. At the lower end there are
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Fig. 78.

Upper End of Humerus.

Surgical Neck.

Epiphyseal Cartilage in the
' line of the Anatomical
Neck, which joins the
Tuberosities at five

j-ears of age.

Epiphyseal Cai-tilage be-

tween the Tuberosities
and Shaft, and which
unites with the Shaft
at twenty years of age.

Siu'gical Neck.

Fig. 79.

Upper End of Humerus.

...Greater Tuberosity.

.Bicipital Groove.

Unites at 20 years of age.

Lesser Tuberosity..
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other four centres appearing at various ages, and all, save that for

the internal condyle, unite with the shaft at sixteen or seventeen
years of age. That for the internal condyle is the last to unite,

union taking place a year or so later—at eighteen years (Fig. 80).

Fig. 80.

Lower End of Humerus.

Intenial Epicondylo__

Complete uuiou at 18 j'eai s of age.

The humerus is most thickly covered by muscles on its anterior

and posterior aspects, and fractures are best detected by running

the lingers and thumb along the sides of the bone. Tlie shaft is

very often the seat of ununited fracture; this was well seen in the

case of the late Dr David Livingstone, the African Missionary

and Explorer, about the middle of whose left humerus a pretty

complete false joint had formed. The cause of non-union of the

humerus is doubtful, but it is probably to a great extent due to

imperfect fixing of the joints above and below the fracture, and

of the muscles that act on the wrist and fingers. Some say it

is because the elbow is usually left unsupported during the after

treatment of the case; and others, that it is due to the inclusion

of some muscular tissue between the broken ends, which is very

likely to happen since the bone is so closely enveloped by muscles

—the brachialis anticus in front and the triceps behind—and
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especially where the fracture is caused by direct violence, for then

the tissue is directly driven in between the broken ends. The

causes of these fractures are—(1) Direct Violence, the usual cause

of fractures at the upper end; (2) Indirect Violence, as falls on

the hand or elbow; and (3) Muscular Action—the humerus is said

to be more frequently fractured from this cause than any other

bone in the body. It is usually the shaft that is thus broken, as

in throwing a ball or striking a blow straight from the shoulder,

when the humerus gives, either from the actual force of the blow

or else from the object having " dodged " it.

Anatomical Neck.—Fractures of the anatomical neck may be

impacted or non-impacted . In the first case the head of the bone is

driven into the cancellous tissue of the upper end of the humerus

;

in the non-impacted the head lies loose, like a foreign body in

the joint, and will almost certainly necrose, a condition far less

favourable to union than the impacted variety. Before five years

of age it is merely a separation of the head at the epiphyseal line.

Fractures of the anatomical neck are mostly caused by severe direct

violence, as falls or blows on the shoulder, usually in old people.

The exact way in which this occurs is doubtful, but Dr Caird has

pointed out that there is probably a partial dislocation in the first

instance, and the anatomical neck is then jammed against the sharp

anterior edge of the glenoid cavity which splits it off. The signs

are not very definite : by the finger in the axilla the surgical neck

can be felt entire, but still crepitus is elicited on moving the shaft

of the humerus, and it may be possible to feel the detached head.

It is often partly extra-capsular at the upper part, running obliquely

through the greater tuberosity ; under these circumstances there

will probably be some broadening of this tuberosity, as the upper

fragment is driven into it. There is further, pain, slight flattening

of the shoulder, loss of movement, and probably slight shortening.

Observe that in impacted intra-capsular fracture the upper fragment

is driven into the lower ; in extra-caj^sular, the lower is driven into

the upper. In fractures of the upper end of the femur the reverse

obtains.

Fracture of the Surgical Neck, that is, below the great tuber-

osity, but above the muscles inserted into the bicipital groove. It

may be impacted or non-impacted ; it is the most frequent fracture
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in this region, and is usually transverse in direction. It is usually

caused by direct violence, as severe falls or blows on the shoulder,

in elderly people. As already stated, separation at the epiphyseal

line between the tuberosities and the shaft can only occur before the

age of twenty. This line does not correspond to the surgical neck,

but is considerably above it. In this case the upper fragment of

the bone remains in the glenoid cavity, while the upper end of

the lower fragment is drawn inwards and upwards, and forms
a marked projection just beneath the coracoid process, rounded
and smooth in outline, and when crepitus can be detected it is

softer in character than ordinary crepitus; the upper fragment

(the epiphysis) is held in position by the muscles attached to

the tuberosities, which are inserted above this epiphyseal hne.

Fracture proper through the surgical neck is recognised by the

shortening, crepitus, distortion, the axis of the bone being directed

downwards and outwards, and loss of power of the arm, while the

shoulder is rounded and swollen. The shaft of the bone moves
independently of the head when the elbow is rotated, and by
pushing the fingers up into the axilla the upper end of the lower

fragment may be detected. The elbow can be brought to the side <

while the hand is placed on the opposite shoulder. The upper

end of the lower fragment can be felt under the coracoid process,

especially when the elbow is pushed up and rotated. The wp-per

fragment, together with the head of the bone, is rotated outwards,

abducted, and raised by the muscles attached to the greater and

lesser tuberosities—supra-spinatus and infra-spinatus, teres minor,

and subscapularis
;

still, the displacement is not great, because the

muscles of the two tuberosities almost counterbalance each other.

The onlj^ muscle not balanced is the supra-siDinatus, which may,

therefore, and sometimes does, cause persistent abduction of the

fragment. The loiver fragment is drawn upwards, iuAvards, and

forwards— upwards by the biceps, triceps, and deltoid; inwards

and forwards by the pectoralis major, latissimus dorsi, and teres

major. The axis of this part also is altered, the elbow being

tilted outwards by the action of the deltoid (Fig. 81). At first

sight this injury may seem to resemble subglenoid dislocation of

the head of the humerus ; but the head of the bone can be felt

in its natural position, the limb is sliortemfid, and there is increased
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mobility, and we may easily elicit crepitus. Further, the depres-

sion in fracture is not immediately under the acromion process, as

in dislocation, but at some distance below this point—below the

lower end of the u^jper fragment, a little above the insertion of

the deltoid. In invpaded fracture there is no mobility, displace-

ment, nor crepitus. In this case the lower fragment usually

penetrates into the cancellous tissue of the superior—the reverse

of impacted fracture of the anatomical neck. The signs of this

condition arc obscure, and chiefly of a negative character.

Fig. 81.

Fracture through Surgical Neck.

jVuiitomiciU Xcck
Forces that disiiliicc the Uoue upwards

—

<—
Biceps, Tiicep.s, Coinco-BracUialis, etc.

Forces that pull the Bone inwards—
Pectoralis Jlajor, Latissiiuus Dorsi,

and Teres Major.

Axis of unbroken
Humerus.

Acromion Proce.s.s.

Deltoid Mu.scle.

Imaginary Pivot round
which the Humerus
is rotated by the Del-
toid, throwing the
Klbow outwai-ds and
the Upper End in
wards.

Axis of unbroken
Hvuuerus.

Treatment of fractures and diastasis of the necks of the

humeru-s—(1) "Set" the bones by extension; (2) place a pad in

the axilla to keep the upper end of the lower fragment outwards;

(3) bend the elbow to a riglit angle, and keep the uj^per arm
parallel witli the side of the chest, and rather in advance of the

mid-axillary line, so as to counteract the forward displacement of

the upper end of the lower fragment; (4) use a sling to support

the hand only, so that the weight of the limb may overcome tho
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upward displacement. The late Professor Spence taught that the

dhnw sliould he supjiorted, so as to keep the ends of the bone hi

apposition, and secure firm union; (5) the arm must then be

lirmly bandaged to the trunk by a broad domett bandage, but

must not be carried across the chest, as in fracture of the clavicle,

as this would bend the bone at the seat of fracture, and cause

angling. Some advise that the hand and fore-arm shoidd be

bandaged lightly so as to avoid venous congestion, but this is

unnecessary, and may even be injurious. No splints are required,

but if necessary a gutta-i^ercha cap may be moulded over the

shoulder and upper part of the humerus, to steady the parts,

especially in the case of children or restless patients ; or the cap

may be made of moulded " poroplastic " material, with a rect-

angular splint attached, of the same material, to pass along the

outer side of the arm and fore-arm to the tijis of tlie fingers

;

this will insure perfect rest to the injured bone. Splints are

of no use as regards co-aptation of the fragments, for it is im-

possible to put the internal splint so high as the fracture, and

one splint alone is useless. In cases where the upper fragment is

persistently abducted, and it is consequently impossible to bring-

^

it mto liue with the lower, the lower fragment must then be

abducted, to bring it into line with the upper, some such means .

as " Middledorpf 's triangle" being used for this purpose. The

fracture unites in from four to five weeks in youth, but requirfes

longer in old age—two to five months.

THE GREAT TUBEROSITY. .

Separation of the Great Tuberosity.—This may be caused by .

falls or blows on the shoulder, or from powerful contraction of the

muscles inserted into it ; it may also accompany dislocation of the"

shoulder. The separated fragment is carried outwards and upwards

by the three muscles attached to it—supra-spinatus, infra-spinatus,

and teres minor ; while the other part of the head with the shaft

of the bone is drawn upwards and inwards by the muscles passing

from the trunk and scapula to the arm—subscapularis, pectoralis

major, latissimus dorsi, and teres major—as well as the flexors and

extensors—triceps, biceps, and coraco-brachialis. There is flatten-

ing and great widening of the shoulder, with a double projection -
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and a groove between. Tlie anterior projection rotates with the

shaft of the humerus, but the posterior projection does not. The

Treatment is to pad the axilla, to throw the anterior fragment

into its proper place, and then, by a compress behind, the detached

fragment is pressed into apposition ; or the patient may be kept in

bed, and the muscles displacing the parts relaxed by raising and

abducting the arm.

SHAFT OF HUMERUS.

Fractures of the shaft of the humerus are usually transverse,

but may be oblique from above, downwards, and outwards, when

the brachialis anticus and biceps muscles in front, and the triceps

behind, wUl cause a certain amount of displacement and shortening,

Fig. 82.

Fracture above the Deltoid.

Auntomical Neck.

.

Forces disijlacing the lower.

end of the upper fragment
inwards— The PectoralU
Major, Latissimus Dorsi,

and Teres Major.

Axis of unbroken
Humerus.

Acromion Process.

Deltoid Muscle, tilt-

ing the lower frag-

ment outwards.

Forces that displace

the Bone upward.s
—Biceps, Triceps,

etc.

Axis of mibrokcu
Humerus.

by making the parts glide over each other. The shortening, how-

evpr, is not usually great, on account of the weight of the arm;

the usual amount is about three-quarters of an inch. The usual

causes are direct violence, indirect violence, as a fall on the elbow,

or muscular action. If the fracture be transverse there may bo
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no displacement, only a sliglit angling. If fractured at a point
between the insertion of the deltoid below, and the muscles in

the bicipital groove above, the lower fragment will be di'awn
upwards by the deltoid, biceps, and triceps, and glide to the outer
side of the uiiper fragment, which will be drawn towards the chest
by the muscles in the bicipital groove—pectoralis major, latissimus

dorsi, and teres major (Fig. 82).

Fracture below the Deltoid impression.—The upper fragment ^

is abducted by the deltoid and supra -spinatus, Avhile the loAver

Fig. 83,

Fracture below the Deltoid.

Jfusclcs in tho Bicipital
Groove — Pectoralis
Major, Latissimus
Borsi, and Teres
Major

.Forces that disiilaco the
lower fragment up-
wardsand inwards

—

Biceps, Triceps, Cor-
aco-Brachialis, and
Brachialis Anticns.

Axis of unbroken
Humerus.

Acromion Process.

. The Deltoid Muscle,
disijlacing tlic

lower end of the
upper fragment
outward8,in spite
of the Muscles
inserted intj tlie

Bicipitivl Groove.

Axis of unhrokcn
Huniems.

fragment is drawn upwards and to its inner side by the biceps

and triceps (Fig. 83). Tlie. great sign of fracture of the shaft of

the humerus is mohiUty in the length of the hone, as in all cases

where there is but one bone in a limb, or if two, where both are

broken : fix the upper fragment, and then try to move the elbow
laterally.

Treatment of Fractures of the Shaft—Two Gooch spKnts,

sufficiently broad to almost completely surround the arm when
padded. From the upper and anterior angle of the outer one a
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triangular piece should be cut off in order to allow the splint to

be carried well up over the point of the shoulder, which could

not be done were the iipper end cut square, as the anterior corner

woidd hitch against the anterior fold of the axilla. This external

splint miist be long enough to reach from the tip of the shoulder

to the lower end of the elbow when the arm is bent ; a rectangular

slice must be cut out of its anterior inferior corner

—

i.e., from its

inner side. The inner is cut nearly square at the top, or slightly

scooped out, but a like slice, to that cut from the outer splint, is

Fig. 84.

Splints for Fractured Humerus.

-—lutonial Splint.

Gaj) into which the J'\>i'o-Ann tits.

The student must carefully note tliat these two splints alone arc

ml sufficient for fractures of the shaft of the Humerus. It is

absolutely necessary to cany a splint from the shoulder to the

tips of the fingers.

cut from its outer and lower corner (Fig. 84). Eotli splints are to

be well padded, especially the upper end of the inner splint. The
elbow is bent at a right angle, and the fore-ami fits into the gap

at the lower ends of the two sjilints, to which it is fastened by

a few figure-of-eight turns of bandage. The splint above this is to

be fastened with slip-knots, the fore-arm slung, but the elbow left

unsupported. Instead of using two splints of the same shape, the

external one may be made like the above, and the internal simply

a narrow, .straight piece of board with a piece cut from its lower
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end to avoid pressure on the internal condyle. The arm must not
be put across the chest, as in fracture of the clavicle, as this would
bend the bone at the seat of fracture.

It is important, however, in all cases to fix both the elbo^v
and shoulder joints either by an external or internal rectangular
splint or both, the external reacliing to the tijjs of the fiiigerx,

to command the muscles acting on the wrist and fingei-s, since
they mostly arise from the lower end of the humerus, and every
time the fingers are moved the fractured point is disturbed. The
neglect of this precaution very often leads to an ununited fracture.

Should an internal one be used, care must be taken not to press
xmduly on the axillary vein, or the internal condyle; a hollow pad
must be placed over the internal condyle, or else a hole cut out
of the splint. If an external one be used, it must be carried

from the acromion process to the finger tips, -and its upper i^art

expanded in order to envelope and steady the shoidder. It is

most convenient to make the rectangular splints of poroplastic.

In some books great stress is laid on the fact that the &\ho^y is to

be supported in cases of fracture of the shaft of the humerus, as

otherwise, it is stated, non-union is apt to take place. But probably
the real cause of non-union in most cases is, because the joint on'^

each side of the fracture, as well as the fore-arm and fingers, have
not been thoroughly kept at rest. Fractures of the shaft unite in

•

from four to six weeks, according to the age of the patient.

FRACTURES NEAR THE ELBOW.

Fracture just above the Condyles.—This fracture occurs cliiefly

in young persons. The usual cause is a fall on the semi-flexed elbow.

It may be confounded with separation of the epiphysis in childi'en,

or dislocation of both bones of the fore-arm backwards; but

the presence of crepitus, the fact that the limb assumes its normal

appearance on extension, but becomes distorted again Avheu the

extension is discontinued, the increased mobility, and the guide

already mentioned—viz., the relation between the internal condyle

of the humerus and the olecranon process—Avill aid the diagnosis,

both in fracture and separation of the epiphysis. In separation

of the epij^hysis there is no crepitation, or, if there is, it is very

soft in character. The deformity is easily reduced, but diflicult to
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retain, the bony points maintain tlieir proper relationship, and

the patient will probably be imder sixteen years of age. The

lower fragment is carried backwards and upwards behind the

upper fragment by the triceps, biceps, and the brachialis anticus

muscles, just as in fracture proper, but the anterior projection is

broader and more rounded than in fracture.

In fracture, separation of the epiphysis, a'nd dislocation of both

bones backwards, the general appearance is the same (Fig. 85); but

in fracture and separation of the epiphysis the bony points about

Fig. 85.

Dislocation of both Bones Backwards.

Position of tiie An-
terior Swelling in

Fracture
,

Position of the Anterior Swelling in Dislocation.

the elbow joint are the same as on the uninjured side, which is

not the case in dislocation. Since, however, the epiphyseal line is

tclwlhj mfhin the capsule, the displacement is not likely to be

gi-eat unless there be a partial fracture through the lower end of

the humerus as well.

In Fracture proper the displacement is very similar to the

above, the lower fragment is pulled upwards and backwards behind

the upper, and carries the fore-arm with it ; so that the olecranon

iwojects unnaturally, and there is a hollow above it (Fig. 85).



"^^'^ Applied Anatomy

:

The lower end of tlie upper fragment is tilted for\vards, formiii- a
prominence m front, ahoKe the crease in front of the elbow jobt
(m dislocation of both bones backwards the prominence is Mow
this crease). In fracture, also, the distance between the acromion
process and the condyles is lessened, but not so in dislocation. So
also the mobility, crepitus, and the fact that the defoi-mityis easOy
reduced by extension, and the absence of any change in the rela-
tive positions of the various bony points around the joint, should
prevent the student mistaking this accident for dislocation of both
bones backwards. The fracture is transverse from side to side
and oblique from behind downwards and forwards; the muscles
displacing the lower fragment are the triceps, biceps, and brachialis
anticus. The median and ulnar nerves are apt to be injured.

Treatment.—Set the bones by extension of the arm and fore-
arm, and press the lower end of the humerus backwards and the
lower fragment forwards, and then bend the elbow to an acute
angle. In this way the triceps behind acts as a posterior splint,
and keeps the lower fragment pressed forward; next, place a pad
of cotton wool in tlie bend to exert counter-pressure, and keep the
lower end of the upper fragment backward. The elbow is then
to be bandaged by successive divergent figures-of-eight sufficient

"

to secure it in this position, and the arm then carried in a sling
midway between pronation and supination, or else bomid firmly to
the trunk. Begin gentle passive movement early; the seat of the
fracture can be secured between tlie fingers and thumb of the one
hand, while the other moves the fore-arm. Being near the spongy
end of the bone there is but little danger of non-union.

Fractures of the Condyles.— Fractures of the condyles arc
usually caused by direct violence, such as falls or blows, or from
muscular action. The inner one is more often fractured, and the
detached piece (when the " epicondyle " alone is broken) is carried
downwards and outwards by the muscles attached to it. The signs
are pain, impairment of motion, mobility of the fragment, and crep-
itus. In cases where the articular surface is involved in fractures

at the lower end of the humerus, they are almost always followed
by some permanent damage to the joint, unless very great care be
exercised in their diagnosis and after treatment. The joint may
be involved by fracture of either condyle, or transverse fracture
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of the lower end of the humerus, with a vertical fissure between

the condyles running into the joint—the T-shaped fracture; in

this case, it is said that the tip of the olecranon acts as a wedge,

producing the transverse part of the fracture; while the ridge along

the middle of the greater sigmoid cavity also acts as a wedge, and

produces the vertical fracture into the joint. The various forms

are usually produced hy falls on the bent elbow. In fracture of

the external condyle the fissure is usually situated between the

capitellum and the trochlea; of the internal, it runs through the

centre of the trochlea. In the T-shaped fracture the width between

the condyles is increased, and by grasjoing the condyles each can be

moved independently of the other with the production of crepitus.

In fracture of the internal condyle into the joint, the fragment is

dragged upwards and inwards, and carries the ulna with it, so that

the relation between the internal condyle and the olecranon process

is normal, but not so its relation to the external condyle
; there, is

also a marked increase into the antero-posterior breadth of the

condyle. This is very frequently associated with dislocation of the

head of the radius backwards.

The difPerent Fractures of the Lower End of the Humerus,
then, are:— (1) An oblique fracture just above the condyles;

(2) separation of the lower epiphysis
; (3) a transverse fracture

across the lower end of the humerus, with a vertical split into

the joint—"the T-shaped fracture"; (4) fracture of the internal

condyle, involving the joint
; (5) fracture of the external condyle,

involving the joint ; and (6) up to eighteen years of age, separation

of the internal " epicondyle," which is wholly extra-articular.

Treatment of Fractures of the Condyles.—As there is usually

considerable swelling and infiammation of the joint, the ordinary

means must be taken to allay the inflammation ; after this get the

bones into proper position by extension, counter- extension, and
manipulation, and then put up the limb with the arm at right

angles to the fore-arm and the hand midway between pronation

and supination. For this purpose some use a jointed rectangular

splint on the inner aspect of the fore-arm. But, probably, the best

way is to apply two moulded poroplastic rectangular splints of such

a 9\7.& as almost to envelope the arm when padded, the posterior

one reaching to the tips of the fingers. The arm is then supported
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in a sling. Eegin passive movement vetn) early, within seven

days (Hamilton), in case the joint be stiffened either by fibrous

adhesions, union of the detached parts in wrong positions, or else

by the excessive production of callus adhering to the articular

surfaces. Another way (which is suitable in all cases of injury

about the elbow joint except fracture of the olecranon) is to bend
the arm to an acute angle, place a pad in the bend, and retain it

tlius by a figure-of-eight bandage, and afterwards to sling or bind

the arm to the side (Spence).

NERVE LESIONS.

Nerve Injuries following fractures of the humerus.—In fractures

of the shaft of the humerus, the musculo-spiral nerve may be

injured, either directly, at the time of the accident, or later, by

the " ensheathing callus." Lower down, at the external condyle,

the posterior interosseous branch alone may be injured. If the

trunk of the musculo-spiral be injured, supination is imperfect,

extension of the hand and fingers is entirely lost, and the hand

becomes pronated, and "wrist drop," somewhat resembling that

seen in lead palsy, ensues ; extension of the elbow will probably

be impaired, or altogether lost. As the biceps, however, is not\

piiralysed, a certain amount of supination is still possible. Further,

the Inmhricales and the interosmi are not paralysed, so that the

upper two joints of the fingers, if forcibly bent, may be again

extended, as these muscles are supplied by the median and the

ulnar nerves, and their function is to flex the first phalanx and

extend the other two; the fingers are flexed, and cover the thumb,

which is also flexed and adducted. It is to be distinguished from

lead-poisoning by the history of the case—occupation, blue line on

gums (from the sulphide of lead), colic, trembling of the muscles

previous to their actual paralysis, and by the early appearance and

well-marked character of the "reaction of degeneration," as shown

by the continuous current. In lead-poisoning too, curiously enough,

the supinator longus muscle is not afi'ected ; this can readily be

shown by placing the hand midway between pronation and supina-

tion, and pressing down the upper edge of the hand M'hile the

patient attempts to bend the elbow, when the muscle will be seen

as a distinct resisting band. When the trunk of the musculo-spiral
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is paralysed, as in " crutch, palsy," iii " Saturday night palsy," and

by pressure of the axillary pad in cases of fracture of the clavicle,

this muscle is paralysed to the same extent as the rest of the group.

The "reaction of degeneration," and atrophy (from the loss of

trophic influence, and not from disuse alone), also result from

lesions of the nerve trunks, but not so rapidly as in lead-poisoning.

The following fourteen muscles are supplied by the musculo-

spiral nerve, either directly or indirectly-—(1) Biceps, (2) triceps,

(3) the anconeus, (4) supinator longus, (5) extensor carjii radialis

longior, (6) extensor carpi radialis brevior, (7) extensor communis
digitorum, (8) extensor minimi digiti, (9) extensor carpi ulnaris,

(10) extensor ossis metacarpi poUicis, (11) extensor secundi inter-

nodii poUicis, (12) extensor primi internodii poUicis, (13) extensor

indicis, and (14) supinator brevis.

In paralysis of the posterior interosseous alone, in injiiries

involving the external condyle, there is only partial loss of supina-

tion and extension, as the supinator longus and extensor carpi

radialis longior are not affected, being supplied directly from the

trunk of the musculo-spiral. Should this condition last any length

of time, the paralysed muscles tend to increase in length from the

constant tension of the still healthy muscles, while the latter in

like manner shorten, as they have nothing to oppose them, conse-

quently the fingers become flexed, and the hand crumpled up into

a " duh-liamd," somewhat resembling that seen after bad cases of

teno-synovitis, or in contraction of the palmar fascia. The muscles
supplied by the posterior interosseous nerve are from 6 to 14,

inclusive, of the list given under the musculo-spiral nerve.

In fractures of the internal condyle the ulnar nerve may be
implicated in a similar way. In this case there Avill be great loss

of power in the ring and little fingers, adduction and flexion of the

thumb will be imperfect, and adduction and abduction of the index
and middle fingers impaired, as the interossei are paralysed. The
position the hand assumes in lesions of the ulnar nerve is known
as the " clawed hand;' or " main en griffe ;

" it is due to paralysis

of the interossei allowing the opposing muscles to have it all their

own way, the result being extension of the fii-st and flexion of the

second and third phalanges, the hand thus assuming tlie bird-claw

position. It must be distinguished from a similar appearance fountl
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in the disease knowu as " progressive muscular atrophy ; " in this
disease all the fingers are equally affected, but in paralysis of the
ulnar, the ring and the little fingers are much more bent than the
others, since the first two lumbrical muscles, which are supplied by
a branch of the median nerve, escape. In traumatic cases of lesion
of the ulnar nerve, the onset is sudden, not progressive, and the
paralysis precedes the atrophy. Sensation is lost in the little finger

and on the uhrar side of the ring finger ; the paralysed muscles
undergo rapid atrophy, and show the " reaction of degeneration."
The atrophy is first and most clearly seen in the abductor indicts

(first dorsal interosseous), and next in the short muscles of the little

finger. In addition to these symptoms we have the usual trophic

lesions of the skin and its appendages—glossy skin, loss of hair

and nails, blebs, and chilblain-like ulcerations. The muscles
paralysed are—(1) The flexor carpi ulnaris;. (2.) half of the flexor

profundus digitorum
; (3) the three short muscles of the little

linger—abductor, flexor brevis, and the opponens minimi digiti

;

(4) one and a half muscles of the thumb—the abductor pollicis,

and deep head of the flexor brevis
; (5) all the palmar and dorsal

iuterossei ; and (6) the two inner lumbricales.

To treat these conditions, mechanical means must be used so \
as to prevent further deformity and remove that already existing,

passive motion, massage, and galvanism to the paralysed -muscles.

In cases where the nerve is actually enveloped in bony outgrowths,

it will be necessary to cut down and set it free. The musculo-spiral

nerve may also be paralysed, partially at least, in those who use

crutches crutch palsy") from pressure of the upper end of the

crutch upon the nerve trunk : also by the axillary pad, in cases

of fracture of the surgical neck of the humerus: sometimes also .

in coachmen, who fall asleep on the box with- the reins] twisted

round the upper arm : and lastly, in those who have imbibed too

much of the cup that cheers (1) and most certainly does inebriate,

and have fallen asleep in consequence, with one arm hanging over

the back of a chair, in that position of good-natured abandon and

free-and-easy carelessness so characteristic a result of the too free

imbibition of this bevei'age. This last form Saturday night

palsy") is usually first discovered on Sunday morning, the patient,

as a rule, applying for advice and explanation on the following
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Monday. Duchknne luis collected a large number of cases of

sudden paralysis of this nerve, usually due, he believes, to cold,

from sleeping with the arms exposed to a draught of cold air.

While not denying the possibility of its being caused by draughts

of cold air, still the usual cause, in this country at anyrate, would

seem to be draughts of CgHuO. The best immediate treatment

for this last condition is to apply electrical stimulation to the

muscles; to stimulate the nerve trunk by applying some counter-

irritant to the skin along its course

—

e.g., iodine; and, for the

future, to avoid " draughts." «

BONES OF THE FORE-ARM.

Each of the bones of the fore -arm is developed from three

centres. The centres for the shafts appear very early in foetal life.

Fig. 86. Fig. 87.

Upper End of Radius. Lower End of Radius.

Bicipitiil

Xuljercle.'.—.

Unites about Puberty. Uuitus about 20 years of age.

The Radius has also a centre for the head that appears at five years

of age, and joins the shaft about puberty (Fig. 86), and another
for the lower extremity which appears about the second year, and
joins the shaft at twenty years of age (Fig. 87) ; the length of
the bone is probably chiefly dependent on the lower epiphysis,

although the contrary has been stated. The Ulna has a centre

for the olecranon process, appearing at the tenth year and joining

2f
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the shaft ahout puberty (Fig. 88); and another for tlie lower
extremity, appearing at the fourth year, and, like the radial one,

joining the shaft at twenty (Fig. 89). The uhia grows in length

chiefly from the lower epiphysis. Hence, it will be noticed that in

both cases the upper epiphyses join the shafts at puberty, and the

lower at twenty; and that the two centres for the vdjia appear at

exactly double the age as that for the radial centres—radial, five

and two; ulnar, ten and four. The iqoper epiphysis of the radius

is entirely within the orbicular ligament ; the lower includes the

facet for the ulna and the insertion of the supinator longus. As
regards the upper end of the ulna, the coronoid process and the

chief part of the olecranon are formed from an extension of the

shaft of the bone into it; the upper part only of the olecranon is

Fig. 88. Fig. 89.

Upper End of Ulna. Lower End of Ulna.

L'nilcs about riiberly. Uuites about 20 years of age.

developed from a separate centre. Next to the clavicle, the bones'

of the fore-arm more frequently present examples of green-stick

fracture than other bones, usually the result of a fall on the hand

or a twist of the arm in a young person. In adults either may be

broken alone, but fracture of both together is more common. The

lower end of the radius is not included in the previous statement,

of course ; if it were, then fracture of the radius alone occurs more

frc(£uently than fracture of any other bone—the claA'icle, perhaps,
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excluded—and at the lower end the fracture is very often impacted.

The bones are throughout nearer the posterior than the anterior

surface of the limb, and as the wrist is approached the nearer the

two bones come to the surface of the lateral aspects of the arm.
The posterior edge of the ulna is subcutaneous from the olecranon

process to the wrist, and can, therefore, be readily examined in

cases of supposed fracture. The upper third of the radius is pretty

deeply covered, though its liead is quite superficial, just imme-
diately below the external condyle of the humerus ; in the lower
two thirds it is quite subcutaneous on its outer aspect. HoAvever,
fractures of this bone are best detected by noting .whether the head
of the bone follows the movements of the wrist during pronation
and supination, the Surgeon placing his left thumb on the head
of the radius.

The Olecranon Process.—Inuctures of the olecranon are usually
the residt of direct violence, and may be divided into—(1) Those
with displacement, and (2) those Avithout. The latter variety is

the more common. Of the latter there are three forms—(a) The
tranAScerse, where the periosteum and ligaments are intact and
effectually resist the action of the triceps to separate the fragments;
{h) where the process is split obliquely, or longitudinally, or almost
stellate

; and (c) where the tip is broken off obliquely from behind
forwards and downwards, leaving the unbroken posterior part
attached to the triceps. The fracture may be caused by the action
of the triceps muscle, or by a fall or a blow with a stick on the
bent elbow. It occurs most frequently in men during the middle
period of life. When the fragment is carried up by the triceps
there is a hoUow at the back of the joint, which is increased during
ffexion; and there is partial or entire loss of extending power. In
other cases the dense periosteum, strengthened by a ligamentous
expansion from the triceps muscle and the internal lateral ligament

( - " ligament of Sir Astley Cooper"), is not torn, and in these
cases there will be little or no displacement ; the only symptom
being special tenderness at one spot, or in the line of the fracture,
and probably mobility and crepitus—the upper fragment moving
on the lower. The line of fracture is usually about the middle of
the process, often across the constriction or groove in the middle
of the greater sigmoid cavity.
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Treatment.—The indications are—(1) to keep the triceps muscle

rehixed, to enable (2) the detached portion to be brought into and

kept, in its natural position by mechanical means—in other words,

the arm must be kept extended during the healing of the bone.

This is the oidij injury in the region of the elbow joint that should

be treated in this position; all other injuries here ai'e best treated

in the Hexed position. A splint, not exactly straight, but cut so

as to correspond to the angle made by the fore-arm with the upper

arm, is required; it may be made of wood, GoocH sjilint, or gutta-

percha, and should be long enough to reach from the middle of the

upper arm to the wrist. The splint, as usual, must be well padded.

Biifure applying the splint, in this special fracture, the fingers

must be carefully padded, and the hand and fore-arm bandaged in

the ordinary way, from the tips of the fingers upM'ards, finisliing oil'

M'ith a veni Ughtly applied figure-of-eight round, the elbow, merely

to retain the end of the bandage, and not to exert any pressure

upon the j<jint; remember that this is the only fracture where it is

lawful to apply a bandage helow the splint, and it is advisable

before .applying it to encase the limb in a layer of boracic lint.

The arm is to be thus bandaged to prevent venous congestion,

which is apt to take place since the limb is kept in the extended

position; and as the joint is wounded, blood is probably poured

into it, and in any case synovitis, with extensive eifusion, will

almost certainly take place, hence the importance of avoiding tight

bandages round the joint under the splint. The sjilint is then to

be applied along the front of the limb, and bandaged to it in the

usual way ; and lastly, apply a few turns of a convergent figure-of-

eight bandage above and below the olecranon, so as to press the

fragments together, at first not very tightly, but as the swelling

and effusion into the joint subside, more firmly. The tips of the

fingers are left iincovered, so that the Surgeon may be able to judge

of the condition of the circulation in the arm; blueuess, coldness,

and swelling will indicate that the bandages are too tight. The

splints must be looked to on the second day to see if all is well.

Passive movement must be gently tried from a fortnight to three

weeks after the injury, the broken parts being firmly supported

with one hand while the arm is moved with the other. Probably

some form of gentle elastic traction brought to bear on the upper
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fragment alone, as it only is displaced, would be the most effective

plan—something of the nature of Manning's splint for fractured

patella. The splint may be kept on for two or three weeks, and

after this, gentle passive movement practised, and a week or so later

the splint may be entirely abandoned. The union is usually fibrous,

bony being rare, except in cases where there has been no separation

of the fragments. In cases where the fibrous medium is too long,

it may be removed by operation, and the fragments wired together.

Fracture of the Coronoid Process.—This is very frequently

associated with dislocation of the ulna alone, or of both bones

backwards, as, when broken, the ulna during flexion is readily

projected backwards. When the ulna is brought into position

again and the elbow flexed, crepitus is produced, but when the

extending force is withdrawn it quickly passes back again to its

former position. As already pointed out, this process is developed

as a part of the shaft, and therefore can never be separated as an

epiphysis. It is caused by falls on the palm with the elbow slightly

flexed. The detached fragment will be pulled upwards by the

brachialis anticus muscle. Fractures of the head and neck of the

radius are very rare forms of accident. In fractures of the neck,

the upper end of the lower fragment will be pulled forwards by the

biceps muscle. The upper epiphysis may also be separated before

the age of puberty ; this epiphysis is entirely within the orbicular

ligament and we must not therefore expect much displacement.

The head may also be split or starred. The Treatment of these

injuries is the same as that for fracture of the condyles of the

humerus (see page 445).

Fracture of the Radius alone above the insertion of the

pronator radii teres.—When the radius alone is fractured it is

usually the result of indirect violence,, as a fall on the hand. Tlie

upper fragment is flexed by the biceps, and fully supinated by the
same muscle, and the supinator brevis ; while the lower fragment
is fully pronated by the pronator radii teres and the pronator
quadratus. Hence the upper part is fully supinated, Avhile the
lower is fully pronated. It is important to bear this in mind
while treating the case, as first pointed out by Lonsdalk. The
fracture is best diagnosed by gently pronating and supinating the
hand, while a finger or thumb is placed over the head of the



454 Applied A nntoniy

:

ladius just below the external condyle ; if the liead moves with,

and as fast as, the hand and lower end of the radius, there can

be no fracture.

Fracture of the Radius below the insertion of the pronator

radii teres.—Here tlie fracture is between the two pronators and

the upper fragment is drawn upwards; or, rather, it tends to he

tilted forwards and supinated by the biceps, and inwards by the

pronator radii teres. The displacement inwards, however, may not

be gi'eat, as the pronator radii teres is powerfully opposed by tlie x

supinator brevis and biceps, so that the bone retains a position

midway between pronation and supination. The upper fragment

is therefore held between the supinator brevis and biceps on the

one hand, and the pronator radii teres on the other, nearly in its

proper position. The lower fragment is drawn towards the idna,

and pronated by the unopposed action of the pronator quadratus,

Avhile the supinator lougus tilts up the styloid process and depresses

the upper end of the fragment; the lower fragment therefore

usually lies in front of the upper. There is a swelling in front

and behind, and the hand falls in and is pronated (compare mth
Coi;LEs's fracture).

Fracture of the Ulna alone near its middle.—This is usually

the result of direct violence, because the bone is so superficial, as in ^

carrying something in the hands, e.g., a tray, when the foot slips,

and, to save the contents of the hand, the whole force of the faU

is received on the posterior edge of the ulna. So also it may be

broken by a blow from a stick when the arm is held up to protect

the head ; or in falling against the edge of a door-step. In this

case there is but little displacement of the upper fragment, except

that it is drawn a little nearer tlie radius by the pronator radii

teres and forwards by the brachialis anticus; the lower fragment

is drawn towards the radius by the pronator quadratus, and the
.

extensors and flexors tend to draw it upwards. Although the

displacement, due to muscular action, may not be great, yet the

force that breaks' the bone may cause a good deal, as it forces the

broken ends towards the radius, narrowing the interosseous space.

It is very difficult to treat this fracture, as the ends fall inwards

and we have no power to act directly upon them to bring them

into a proper position.
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Fracture of both Bones.—Tlio bones of tlie fore-arm are more
frequently broken together than either the radius or uhia alone.

The usual cause is direct violence, as a severe blow, or the passage,

of a wheel over them, and they, therefore, give way opposite, each

other. But it inay also be caiised by indirect violence, when the

bones gave way at their weakest parts. One case is quoted, on tlie

authority of Malgaigne, where muscular action, during -digging,

was the cause of the fracture. The usual position of the fracture

is about the middle or lower thirds. As regards the displacement

this Avill necessarily depend a good deal on the cause of the fracture

;

in a general way, something like the following will happen :—The
Upper Ends.—The radius is tilted forwards by the biceps, and
inwards by the pronator radii teres, and the ulna is tilted a little

forwards by the brachialis anticus. The Lower Fragments.—The
radius is pronated, and the two bones are approximated by the

pronator quadratus, and are drawn upwards and forwards, or

upwards and backwards, according to the obliquity of the fracture,

by the flexors and extensors. The diagnosis depends on the pain,

loss of power, unnatural bend of the fore-arm, crepitus, and the

ease with which we can obtain mobility in the continuity of the

bones, after fixing their upper ends.

Treatment of Fracture of the Shafts of one or both Bones.

—

The great objects are— (1) To keep up the full breadth of the in-

terosseous space throughout, as this is essential to the movements
of pronation and supination

; (2) to command the elbow, wrist,

and finger joints, in order to prevent non-union ; and (3) carefully

avoid pressure in the flexure of the elbow joint, and on the ball

of the thumb. The bones are to be set by extension and counter-

extension, applied to the upper arm and wrist by two assistants,

while the Surgeon manipulates the bones into position. Two
splints are required, rigid, and broader than the arm; Gooch,
or ordinary wooden splints may be used; but if Gooch be used,

the splints must be padded on the wooden side, and not on the

leather side, as in most cases of fractiire

—

e.g., of the humerus.
They mu.st be broader than the arm so as to prevent pressure by
the bandages on the lateral aspects of the bones, as this would
force tliem together and narrow the interosseous space (Fig. 90).

The posterior one must reach from the olecranon process to the
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tips of the fingers; the anterior one must reach from the elbow to

the roots of the fingers, and have a portion removed, if necessary,

at the outer side of the lower end to avoid pressure on the ball

of the thumb. Before applying the anterior splint the elbow joint

should be bent to a right angle, otherwise this splint is apt to

be carried too for up, and when the arm is bent afterwards the

end of the splint presses injuriously in the flexure of the joint

and may cause gangrene. They must be well padded as usual,

but in addition a small "graduated compress "-like pad is to be ,

placed lengtliwise in front and behind, so that it may press the

muscles of the fore-arm into the interosseous space and tend, at

least, to keep the bones from falling together. The hand is then

Fig. 90.

Fractured Fore-Arm put up.

Bandrtge

I-

Ordinary Pad.
-Fore-Arm.

--Ordinary Pad.
—Reversed Gooch ^

Splint.

placed midway between pronation and supination, as in this posi-

tion of the bones the interosseous space is widened to nearly its

fullest possible extent; the elbow is next bent to a right angle,

the graduated compresses applied over the front and back of the

interosseous space, and the splints applied and fastened by a con-

tmuous bandage, to finish olf by a lightly applied figure-of-eight

round the elbow—if preferred slip knots may be used instead, as
"

in the upper arm. The arm must then be slung in a position

midway between pronation and supination—the thumb uppermost,

and pointing towards the jDatient's face. Over all an external

rectangular splint extending from the shoulder downwards to the

tips of the fingers should be applied to insure perfect immobility

of the broken ends, by fixing the elbow, Avrist, and finger joints.

Eut inasmuch as the power of supination is sometimes lost, it

is said from the union of the radius in a bad position, the upper

Reversed Gooch Splint

Speci.al Pad in Inter-
osseous Space.

~

Bandage, well away
from the side of
the Arm.

.Special Interosseous
Pad.
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fragment being fully supinated while tlie lower is fully pronated,

it was first recommended by Edward Lonsdale, in 1832, and more

recently by Malgaigne, that the arm should be put up in com-

plete supination. It is impossible to bring the upper fragment

of the radius into good position with the lower, and therefore, the

next best thing to be done is to put the lower fragment into as

good position as possible with the upper, otherwise the use of the

supinator brevis and biceps, as supinators, is entirely lost, as they

have already fully supinated the bone and are fixed in that position.

The difficulty is best overcome by putting up the. fractured arm in

the position of full supination.

The limb must be kept perfectly rigid for at least two or three

weeks, when the fingers and wrist may be allowed some freedom

of movement. But as the fracture is not near a joint, there is

less danger of adhesions forming in the sheaths of the tendons

;

indeed, absolute and long continued rigidity rather is indicated,

as the fracture is through the compact tissue of the shaft, to avoid

non-union. The bones unite in about five weeks.

COLLES'S FRACTURE.

Fracture of the Lower End of the Radius.— The fracture in

this case is for the most part below the origin of the pronator

quadratus, and is usually about three-quarters of an inch, or rather

more, above the articular surface, as seen from the front, but

extends higher up on the posterior aspect, as it is usually oblique

from before backwards. The cause is usually indirect violence,

as a fall on the palm of the outstretched hand, the whole weight

of the fall being transmitted through the ulnar side of the hand

to the lower end of the radius, as it is three-quarters pronated,

so that the ulnar border first touches the ground, and the hand

is thus driven to the radial side ; when caused by a blow on

the palm, there is no lateral displacement. The fracture may
be non-impacted, but is usually impacted. Varieties.— 1. Where
it is very near the lower end of the radius, comminuted, and non-

impacted, and therefore easily reduced. 2. Pligher up (the usual

site) and not comminuted. This may be—(a) Impacted, or non-

impacted. Any fracture of the lower end of the radius, within
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two and a half inches of the wrist joint, is called a " Collks's
fracture." Next to fracture of the clavicle, the lower end of the
radius is most frequently broken; and fracture of both Avrists

("double CoLLEs's") forms the commonest double fracture. From
thirty years of age onward it occurs with increasing frequency
in women. The great sign of this fracture is deformity, being
caused in the first instance by the force that breaks it, and kept
up by the impaction and by the extensors of the wrist and thumb,
as well as all the other flexors and extensors passing over the
broken radius. The radius is very frequently splintered into the
Avrist joint (Ciiiene). The loiver fragment is drawn upwards and
backwards and to the radial side by the supinator lougus, flexors,

Fig. 91.

CoLLES's Fracture—Side View.

(To show the "Spoon-shaped" Deformity.)

Prominence on the Irack, caused by tlie lower ^— '

fragment, with a liollow above it

Prominence on the Anterior A.speet, caused by
tlie lower end of the upper fragment, with'

a

hoUow below it.

and extensors of the thumb and carpus; the upper fragment is

not displaced (Chiene), though it seems to project forward. Thus

we have a jjrominence on the back of the wrist and a hollow above

it, caused by the lower fragment, and a projection in front, where

there ought to be a hollow, caused by the lower end of the upper

fragment, the whole forming a peculiar spoon-shaped deformity

(Fig. 91). It resembles dislocation of the carpus backwards, but

may be distinguished from it by the fact that the deformity is

removed by extension, and by the presence of crepitus in fracture,

and the normal relation of the styloid processes to each other in

cases of dislocation. It also simulates separation of the epiphysis

of the lower end of the radius, but the age of the patient wiU aid

the diagnosis. It should be noted, in cases of separated ei)iphysis
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in yomig persons, when the bone unites, that this end of the radius

will not grow to its usual length, Avhile the ulna grows normally,

and therefore the hand Avill be gradually pushed to the radial side,

probably simxilating a badly-treated Colles. This fracture must

also be diagnosed from fracture of the lower end of both radius

and ulna ; in this case there is greater mobility, and the whole

hand, with the lower ends of the radius and ulna, is carried

straight backwards, and lies in a straight line witli the fore-arm,

and is not abducted, as in Colles's fracture. This injury more

closely simxilates dislocations of tlie wrist backwards. It must

Fig. 92.

Colles's Fracture—Dorsal View.

.Prominence caused
by the Head of
the Uhia.

also be diagnosed from sprain of the wrist joint ; in sprain the

tender area is over the line of the joint, whereas in fracture it is

some distance above the joint, liut the lower fragment, besides

being displaced upwards and backwards, undergoes a rotation on

its transverse axis, whereby the carpal articular surface comes to

have an inclination backwards instead of forwards, as in the

normal bone; hence the difficulty in flexing, though extension

is easy. It is also slightly rotated on its antero- posterior axis,

whereby the outer (radial) siile of the bone is more shortened
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than the inner (ulnar) side, as the strong inferior radio -ulnar

ligaments oppose the displacement at that side, and it is in this

way that the hand is inclined to the radial side, as well as being

slightly dorsiflexed. The head of the ulna seems unduly pro-

minent (Fig. 92), but this is not due to any displacement of the

bone, but is due to the hand being displaced to the radial side

and carried away from it, so that the styloid process seems carried

forwards, as well as being too prominent. Very frequently there

is a specially tender spot over the articulation between the radius

and the ulna. The fracture is to be recognised by the appearance

of the hand, history of the case, age of the patient, and by the

fact that he is unable to supinate the fore-arm
;
and, by passing

the fingers gently along the posterior surface of the lower end

of the radius, the ridge formed by the displaced upper end of the

lower fragment will usually be felt. Also the prominences and

depressions about the wrist, the flexion of the fingers, and pro-

minence of the head of the ulna, and, above all, the position of

the styloid processes—in health, the styloid process of the radius

is on a lower level than that of the ulna; but in fracture the

position is reversed, the ulnar being on a level with, or below, the

radial. Another symptom of some importance is the obliteration

of the natural hollow on the front of the lower end or the radius^^

its place being occupied by a prominence.

According to Professor Chiene, when a person falls on his palm, •

if the angle between the fore-arm and the ground is le»s than sixty

degrees, the whole shock is borne by the lower end of the radius,

and a Colles's fracture is the result ; but if the angle be greater

than sixty degrees, the shock passes up the bones of the fore-arm,

and the result is either a severe sjjrain of the wrist, or a dislocation

of both bones backwards at the elbow. "When a person, with the .

Avrist in extreme flexion, falls upon the knuckles and dorsum of

the metacarpus, a fracture is sometimes produced the very reverse

of Colles's ; it is usually known as " Smith's fracture."

Treatment.—The bone, in ordinary cases, is placed in position by

extension, counter-extension, and manipulation; in difficult cases it

may be necessary to employ forcible and full flexion with twisting,

before it is replaced, and sometimes it will require to be forcibly

bent over the Surgeon's knee. The backward rotation of the lower
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fi-agmeut mud be corrected, else the patient will not be able to

flex his wrist afterwards to any extent. Even in well set cases the

styloid process of the ulna i;sually remains too far forwards. Two

splints (Gooch) are required—the anterior one (Fig. 93) must not

extend further than tlie centre of the palm, su that the fingers may

be freely flexed from the very first ; on its radial side a large piece

must be cut out for the prominence of the muscles of the thumb,

and also extending upwards as far as the lower end of the upper

fragment (some Surgeons only bring the anterior splint as far as

the lower end of the upper fragment). This gap is to allow the

lower fragment to lie pushed forwards, in order that the natural

Fig. 93,

Anterior Splint for Colles's Fracture.

A

I
I

1 2 B

1. That part of the splint tliat runs along the IVont of tlie

ulna, aud extends as far as the centre of the palm ; the splint

irf sometunes nsed without this part.

2. The gap for the muscles of the tliiuub, and to allow the

lowerfragmoU to be pushed forvmrd.

A and B—This line must not come further down tliau the

lower end of the upper fragment.

hollow of the radius may be reproduced when the bones liave

united. The posterior splint extends to the knuckles. Botli

splints are to be well padded and applied; but a specially thick

pad must bo placed under the posterior splint opposite the lower

end of the radius, in order to push the lower fragment well for-

ward towards the palmar surface, into the gap in the anterior

splint. The splints are then to be fastened on, first by a couple

of slip-knots and then by a roller bandage, secundum artem, and

the arm slung midway between pronation and supination.- On
account of the large number of tendons around this fracture it is

most important to begin passive movement very early, especially
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in old persons. The fingers and tliimib are left free, and moved
regularly from the very first, and at the end of the fourth or fifth

day the splints are to he taken off, and the Surgeon, placing his

index and middle finger over the upper end of the lower fragment,

and his thumb on the lower end of the upper fragment, keeps tlie

bones in position, while he gently moves the wrist with his other

hand. This must be done every second day till the bones have

united—at the end of three or four weeks. There is little or no

danger of non-union, as the fracture is through the cancellous^

tissue, but there is cjreat danger of a stiff and useless wrist result-

ing, especially in old persons. There are many other forms of ,

splints used; but the residts of the above simple method, that

generally adopted in Edinburgh, arc so satisfactory -that it is

quite unnecessary to seek refuge in more complicated, expensive,

uncomfortable, and less efficient apparatus. Among them may be

mentioned, the " pistol" -shaped splint, Gordon's splint, Carr's

splint, etc. One objection, it seems to me, to most of these special

splints, is that the hand is displaced as far in the opposite direction

by the splint, as that caused by the force that broke the bone in

the other direction. That the M'rist is extended and the hand

displaced to the radial side, is no reason, surely, why it should be

unduly fiexed and turned as far to tlie ulnar side—-unless, indeed^^

it be to test the truth of the parallelogram of forces ; but in this

case it is scarcely necessary to point out that the two forces must •

act simultaneously on the point in question. The " pistol" splint

is specially objectionable, as it almost invariably leads to a stiff

wrist—the very thing Ave most wish to avoid.

r r

RESUME of the fractures about the wrist joint :

—

1. CoLLEs's fracture, known by the marked deformity and •

the altered position of the styloid processes to each other.

2. Smith's fracture, where the deformity is reversed.

3. Separation of the lower epiphysis of the radius, known

by the age of the patient—below twenty,

4. Fractures of both bones just above the wrist—marked de-

formity, but hand in a straight line with the fore-arm.

5. Fracture just above the pronator quadratus; the hand

turns in and is fully prouated.
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These must be distiuguished from dislocations of the wrist, by

the fact that in dislocation the styloid processes maintain

their proper relations to each other, but are altered "with

respect to the metacarpal bones, as well as other signs,

Fracture of the Metacarpal Bones is usually caused by direct

violence, as by striking a blow with, or falling upon, the closed fist;

it is more often met with in men, and in them during the period of

active adult life, and usually towards the end- of the week (pay-day),

or about Christmas and the New Year. There are two varieties

of this fracture—(1) The oblique, and (2) the transverse. In the

oblique form there will very likely be shortening of the finger

connected Avith the injured metacarpal, but in the transverse form

there is no shortening. The fracture is to be diagnosed by running

a finger along each metacarpal bone and carefully watching for any

tender spot or marked deformity; this can easily be managed, as

the bones are so subcutaneous. We may also grasp the two ends

of the bone and try for mobility in its continuity ; then place the

hands palm to palm, and observe if the corresponding finger of

each hand is of the same length as its fellow. Next, we may press

the end of each finger towards the wrist ; this will cause pain at

the fractured spot should such exist, but if it be merely a bruise,

there will be no pain felt at the injured spot. Lastly, make the

patient clench his fists, and compare the line of the knuckles in the

two hands, noting any fulness or depression. It should be noted
that a "stave " of the thumb may produce a contusion of the meta-

carpo-phalangeal joint or split the head of the metacarpal bone.

Fracture of the metacarpal bone of the thumb usually presents no
difficulty in diagnosis, as it is free on all sides ; the metacarpal
bones of the index and little fingers are more difficult, and those

of the middle and ring fingers the most difficult of aU, on account
of their relation to the other bones.

Treatment.—First Method, to be used in the case of transverse

fracture of the metacarpal bones of the middle and ring fingers.

Direct the patient to grasp a ball of soft worsted in the palm of

the injured hand, and bandage it in that position thus:—Carry an
ordinary bandage in a figure-of-eight, beginning at the carpo-meta-
carpal articulation of the thumb, over the back of the fist, and then
round tlie front of the second phalanges of the fingers, but not
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iucluding the thuiub, tlieii over the back of the hand to the ulnar

side, and then take a turn round the wrist, thus completing and
fixing the figure-of-eight. On reacliing the spot where we com-
menced, the roller is then carried forwards over the first and second

fingers, taking care to leave a free margin hanging over the radial

side of the index finger ; now carry the bandage back over the

palmar aspect, to meet at the same spot as Ijefore, and complete by
a turn round the wrist. Eepeat this three or four times, bringing

each turn nearer the ulnar side, and at last leaving a free margin

there, as on the radial side. Then carry the bandage round the wrist,
"

as in the first figure-of-eight, being careful to catch and secure the

free margins left at each side of the hand. Ilepeat this two or three

times, and then take a turn round the wrist, and fasten.

Second Method, to be used in cases of transverse fracture of

the metacarpal bone of the thumb, and probably also in the case

of the index and little fingers as well. In the previous method,

the neighbouring bones act as lateral splints to the ring and middle

fingers. In the case of the others, however, it will probably be

•better to keep tlie hand straight and apply a well-padded splint

along the anterior aspect, and bandage the injured digit in that

position ; and certainly always do so in the case of the metacarpal

bone of the thumb— the one most frequently broken. Were^

they treated like the middle or ring fingers, the bandage Avould

force the broken ends towards the other bones and lead to marked

deformity.

Transverse fractures of the Phalanges must be treated by a

well-padded, straight, anterior splint, with a specially tliick pad

opposite the middle of the broken phalanx, to fill i;p the hoUow that

naturally exists opposite the middle of the phalanges. In the case,

however, of oblique fracture of the phalanges, or of the metacarpal

bones, it will be necessary in every case to put up the fracture in

the straight position and apply some form of extension. This maj'-

be accomplished by the use of an internal rectangular splint, passing

some distance beyond the tips of the fingers, together with an elastic

band brought over the lower end of the splint and then fastened

to its upper end, while the other end is attached to a more or less

complete finger-stool of sticking-plaster, which is in turn to be

attached to the injured finger.
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The Metacarpal Bones are developed by two centres—the

four inner bones, one for the shaft appearing about the sixth week,

the other for the head appearing abont the third year, and uniting

with the shaft at twenty. The metacarpal bone of the thumb has

also two centres, one for the shaft and the other for the base, in

this respect resembling the phalanges. The dates of appearance

are the same as the others.

The Phalanges are also developed from two centres, one for

the shaft appearing about the sixth week, and one for the base

from the fourth or fifth year, and uniting between the eighteenth

and twentieth years.
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CHAPTEE XXY.

FRACTURES OF THE LOWER EXTREMITY.

THE PELVIS.

The mnominate bone is developed by eight centres— tliree ^

primary and five secondary ; the three primary— one for the
ilium, the iscliium, and the pubes respectively—unite through the

Y-shaped piece at the bottom of the acetabulum, about puberty;
the secondary centres appear about puberty and unite about the

twenty-fifth year (Fig. 94). The secondary centres are—one for

Fig. 94.

The Innominate Bone.

the iliac crest, one for the tuberosity of the ischium, one at the

Y-shaped junction of the three bones; one for the anterior inferior

spine, most frequently seen in males ; and one for the symphysis

pubis, most frequently seen in females. It is important fo remem-
ber the Y-shaped piece, as before its consolidation, pus, in hip joint

disease, may readily pass through into the pelvis.
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The pelvis may be broken by crushes between a cart and a

wall, mining accidents, in railway collisions, etc. (a) The False

Pelvis is usually broken by lateral crushes; but fracture of this

part is not so serious as fracture of the true pelvis. (?;) The True
Pelvis—This Ls most Hkely to suffer from antero-posterior com-
pression ; the great danger of this fracture is injury to the various

pelvic viscera, especially the urethra, bladder, and rectum. The
membranous part of the urethra is most apt to be injured, as the

fracture very constantly passes through the rami of the pubes and
ischium, and is therefore very near the urethra. To detect fracture

of the false pelvis, grasp and try to move the iliac crests. For the

true pelvis, feel the rami of the pubes and ischium; but in every
case it will be wise not to make a too exact diagnosis, lest a sharp
spicule of bone be pushed into the urethra or bladder.

The Anterior Inferior Spinous Process may be torn off by the

rectus, in running or jumping, more especially before complete
consolidation—the twenty-fifth year.

Treatment.—The chief point in the treatment of the case is

never to let the patient attempt to pass water, but the Surgeon
should at once try to pass a catheter into the bladder—gum-elastic
if possible. If the urethra is ruptured, the patient would simply
make water into his perinseal tissues on any attempt at micturition,

unless, fortunately, the centres for that act were paralysed by the
shock. If, when the catheter is passed, clear urine is drawn oft',

it shows that the bladder is not ruptured. Should the urine bo
bloody it may point to various accidents, but at any rate, in aU
cases of doubt a soft catheter should be tied in and a syphon
arrangement attached to it, so that the urine may drain away as
soon as it enters the bladder. In passing a catheter, keep its

point well against the upper wall of the urethra, as this part is

less likely to be torn than the lower part of the circumference
The pelvis is then to be steadied by a broad flannel bandage with
plenty of wadding below, and a double spica over all. The
prognosis is fairly good, so far as immediate danger to life is

concerned; lut ever afterwards the patient will be the subject
of the worst possible form of organic stricture—the traumatic—
with all its secondary risks to the genito-urinary organs, situated
bo.liind tbo strictnro.
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Fig. 95,

Upper End of Femur.

Head.-,

.Groat Trochanter.

Small Trochanter.

__Tlie " Third Trochanter.'

Union complete about 18 years of age.

Fig. 96.

Lower End of Femur.

Articular Surface—.-V-^j

Adductor Tubercle.

Joins the shaft at 20 years of age.
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THE FEMUR.

This bouc is developed from five centres, that for the shaft

appearing soon after the centre for the clavicle. At the upper

end there are three centres—one for the head, which appears at

the end of the first year ; another for the great trochanter, which

appears during the fourth year; and a third for the lesser

trochanter, which appears between the thirteenth and fourteenth

yeare. All the three join the shaft about eighteen (Fig. 95). There

is only one centre for the lower end of the bone, and that appears

two tcecks before birth and joins the shaft at twenty years of

age (Fig. 96). The presence or absence of this centre is an- im-

portant sign of the maturity or otherwise of newly-born children,

found dead, in medico-legal cases. For medico-legal purposes also,

compare the development of the femur with the humerus :
the

lower end of the Immanis is complete at eighteen, the tipper end

at tAventy ; in the femur it is the reverse, the hirer end is complete

at twenty, and the ui^per end at eighteen. A knowledge of these

lacts, together with the dentition— all the teetli being present

except the wisdom, and the presence of an ossifying centre in the

epiphysis of the clavicle, which appears about eighteen,— would

enable one to speak with considerable assurance upon the age

of a body, say of eighteen years, though reduced to a skeleton.

Obs'ervc the great number of epiphyses in the neighbourhood of

the hip joint—three in the femur, and the Y- shaped one at the

bottom of the acetabulum. This, no doubt, explains the very

great frequency of hip disease {strumous arthritis) in early life, as

probably in most cases the disease begins at the growing line of

the bone, as there the tissue is nearest the embryonic type, and

the vascularity is" gi-eat, so that any slight stimulus is enough to

convert the physiological hypergemia into pathological congestion.

It alscf explains why it is that the femur should be attacked more

frequently than the acetabulum : one would expect the femur to

be attacked three times as often as the acetabulum. It Avill be

noticed, therefore, that, as usual, the order of union of the centres

is the reverse of their appearance. The femur grows in length

chiefly from the lower epiphysis. The line of this epiphysis just

passes through the "adductor iuhercle" and immediately above
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the highest part of the articular surface, being deeper, in vertical
extent, on the inner side than it is on the outer (Fig. 96). It
includes, therefore, part of the tendon of the adductor magnus,
practically all the inner head of the gastrocnemius, probably all
the outer head too, as it is attached at a lower level and more
external than the inner, and the tendon of the popliteus; the
plantaris is attached to the shaft of the femur.

In the adult the neck of the femur forms an aiifde of
12.5 degi-ees with the shaft; in children the angle is even more
oblique; and in old age the neck drops nearly to a right angle
with the shaft, and not only so, but its cancellous tissue undergoes
fatty degeneration and interstitial absorption (" osteoporosis"), and
its compact shell is also thinned. The femur is thickly covered
by muscle throughout its entire extent ; it is perhaps least thickly
covered on the anterior aspect of its lower third.

Fractures of the Neck.—These may be— («) Intra-capsular,
and {h) extra-capsular. The following table will assist the diagnosis
between intra-capsular and extra-capsular fractures of the neck of
the femur—(From IiIrichsen) :

—

Intra-Capsular.

1. Cause—generally slight and in-

direct, such as catching the foot

in the carpet or slipping olf the

kerb-stone.

2. Force—usually applied longitudi-

nally or obliquely.

3. Age—rarely below fifty, most com-
monly in feeble, aged persons.

4. Pain and constitutional disturb-

ance slight.

5. No apparent injury to soft parts

about the hip.

6. Crepitus often obscure.

7. Shortening usually at first not

more than one inch.

Extra-Capsular,

1. Cause—usually severe and dii'ect

violence, such as falling from a

heiglit or blow on the hip.

2. Force — usually applied trans-

versely.

3. Age—usually below fiftj', chiefly

in vigorous adults.

4. Pain and constitutional disturb-

ance usually considerable.

5. Considerable extravasation, ecchy-

mosis, and signs of direct injury

to hip.

6. Crepitus (when not impacted) very
readily felt.

^

7. Shortening (when not impacted) at

least two inches or more.
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The limb lies extended and helpless, and there is usually

marked everdon in both cases, partly perhaps because this is the

natural position of the limb, but chiefly from the action of the

psoas and iliacus muscles, the adductors, the glutei and other

external rotators of the hip joint. The shortening of the limb

is caused by the glutei muscles, rectus femoris, and hamstring

muscles (biceps, semi-tendinosus, and semi-membranosus). The

cause of eversion in impacted extra-capsular fracture is probably

due, as Bigelow has pointed out, to the thinness and less resisting

nature of the compact shell of bone on the posterior surface of the

neck of the femur, as compared with the anterior. It therefore

yields more readily, " crushes up and becomes impacted."

Intra-Capsular may be either impacted or non-impacted. In

impacted the lower fragment is driven into the upper. The

predisposing cause is the changes already mentioned as occurring

in the du-ection and internal structure of the neck of the femur

;

the exciting cause, some very slight indirect violence, as tripping

on a stone, turning in bed, etc., and, as a result of the snapping

of the neck of the bone, the patient drops down. It is especially

apt to occur in women beyond a certain age. There are no signs

of bruising in the first instance, but in three or four days a

characteristic staining often appears in Scarpa's triangle, when

the effused blood has had time to reach the surface. In some

cases, ,
probably from the nature of the cause, the fracture is, in

the first instance, sub-periosteal, so that there would be little or no

shortening, as the fragments are held in position by the periosteum,

and the cervical reflection of the capsular ligament; but later,

these structures soften and yield, either from the movements of

the limb, or from inflammatory softening, as will also the capsular

ligament itself, which is not, in the first instance, torn. In a few

rare cases there may be inversion of the limb probably because

more of the anterior part of the neck is crushed up than of the

posterior, or else the anterior part of the cervical reflection is not

torn. These facts explain the slow appearance of the shortening,

so often noticed in intra-capsular fracture, and which is apt to

mislead the incautious Surgeon
;

or, again, the sudden increase of

shortening under manipulation. The limb lies helpless, extended

and everted, but can be moved freely by the Surgeon in all



472 Applied A nntoiny

:

directions, probably witb tlie production of crepitus; for this
purpose the Surgeon places his hand flat over the gi-eat trochanter,
while an assistant gi-asps tlie foot and gently rotates the Avholc
limb. The great trochanter is raised as shown by Bryant's test,

or the still simpler and more effective method used by Professor
Chiene (Fig. 97). On rotating the foot it wiU be noticed that
the trochanter rotates round a sniallcr circle than the trochanter
of the sound side. As the patient stands the knee is flexed some-
what and the heel raised. In the usual state of the parts, in

health, blood is brought to the head of the bone l)y the ligamentum

Fig. 97.

Fracture of the Neck of the Femur.

Anterior Superior Spiiio. Anterior Superior Spine.

Fractured Side. Jliddio Line. Healthy c-ide.

Observe on tlie Fractured Side, tliat not ouly is tlic Trochauter raised,

Init it is also nearer the Middle Line.

teres, synovial membrane surrounding it, the thick periosteum and
the cervical reflection of the capsular ligament. In non-impacted

fracture of the usual kind, all these sources, save the ligamentum
teres, and, perhaps, the synovial membrane, are cut ofl'; for this

reason it is said, and, perhaps, also because the parts are not kept
in proper apposition, the union is usually by fibrous tissue only.

In those that heal by lone it is presumed that the fracture has

probably been impacted, or sub-periosteal, or not strictly intra-

capsular.



Siirgiar/, Medical, ami Operative. 473

Extra-Capsular Fracture is usually impacted, but may also

be non-impacted. In the impacted variety the upper fragment is

driven into the great trochanter, splitting it up and increasing its

breadth, and the trochanter itself is carried nearer the middle line.

It is equally common in both sexes, and most often met with
during vigorous adult life from a severe direct blow to the outer

side of the hip, but in older persons may result from a simple

fall on the great trochanter. In the non-impacted form th(3rc

is distinct crepitus, severe pain on attempts at movement, and
great shoa-teniug ; on rotating the foot the trochanter rolls round
a smaller circle than on the sound side. In the impacted form
there is great pain, but the patient may possess a considerable

amount of power over the limbj there will also be eversion,

slight shortening, usually about three-quarters of an inch only,

and another very characteristic sign, viz., broadening of the great

trochanter in the antero-posterior direction (Chiene) together with
free passive motion in all directions. Hence, given a case, where
the patient has had a fall on the hip, with slight eversion, three-

quarters of an inch of shortening and broadening of the great

trochanter, there can be no doubt as to what has taken place

—

impacted extra-capsular fracture.

These simple tests further avoid all disturbance of the lunb,
save the patient from needless pain, and one escapes the risk of un-
impacting an impacted fracture. If fiu'ther confirmatory evidence
is wanted then we can use the previous simple test for the position
of the great trochanter.

From the fact that the anterior part of the capsule is attached
to the anterior inter-trochanteric line, and as this point also marks
the junction of the neck of the bone with gi-eat trochanter, it is

therefore anatomically impossible to have an extra-cwpmlar fracture
of the necl; at least on the anterior aspect

j but, at the lower and
posterior part, the capsule is attached about three-quarters of an
inch internal to the inter-trochanteric line.

In addition, of course, to these tests others may be used, as
Bryant's, Nelaton's, and Morris's: Bryant's line will be
shortened from half to an inch, and the trochanter is nearer the
middle line, as shown by Morris's test. In fractures of the neck
the ilio-tibial band is also relaxed (Alms).
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Diagnosis.—Eractures of the neck must be distinguiBlied (1) from

backward dislocations. lu dislocation we have marked inv&rduii

(except in the rare form of the everted dorsal), the rigidity of

the limb in certain dii'ections, the absence of resistance when the

fingers are pressed into the upper part of Scarpa's triangle, the

presence of the head of the bone in an abnormal position, and

other signs of dislocation
;

specially note, therefore, the marked

deformity and rigidity of the articulation. Sometimes, however,

there is inversion in fracture of the neck, some say as a result of

muscular action—the adductors, because the external roJ;ators are

torn oif or paralysed by the injury—but it is more likely due to .

impaction in that special position, from the attitude of the limb at

the time of the injury, or from the direction of the force. But in

any case there will be the usual feeling of resistance in the groin;

and, as the head of the bone is in its proper place, the Surgeon

will be able to obtain passive movement freely in all directions,

aud there Avill probably be broadening of the great trochanter. It

must also be distinguished (2) from the condition of the hip, met

with in chronic rheumatic arthritis, where the appearance aud

symptoms closely resemble those met with in fracture. There

is pain, loss of power, and rigidity, especially on passive rotation,

shortening of the limb, and elevation of the great trochanter

;

but in this condition there is no history of injury to account for

it, though, of course, a person suffering from chronic rheumatic^

arthritis may also be the subject of fracture of the neck of the

femur, when the diagnosis becomes very difficult. In chronic

rheumatic arthritis it may be possible to detect enlargement of

the lips of the articular bones, and creakmg during passive

movement. The Surgeon must also be on his guard, and warn

those who have received a faU or blow on the hip of the probable

result—viz., a shortening of the limb taking place hi the course

of a few weeks, more especially in old persons, otherwise he may

be unjustly blamed for having overlooked a fracture of the neck,

of the femur. It is a curious fact that this (3) interstitial

absorption of the neck of the bone often follows blows on the

hip, coming to resemble, after some weeks or months} a fracture

of the neck, not only in the old, hut in young persons as well,

probably from some injury to the epiphysis, which has caused
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it to ossify too soon, and hence the limb becomes shorter and
shorter until growth is completed. But in this case there will be
no broadening of the great trochanter ; the shortening does not take

place at the time of the accident, but after the lapse of some weeks,

and comes on gradually, the patient being probably able to walk
about aU the time. In any injury of the hip therefore, especially

in the aged, give a guarded prognosis, and tell them the possible,

and even probable result.

Charcot's Disease. — This is a trophic lesion, depending on
disease of the postero-external column (Burbach's) of the spinal

cord, and is but a symptom of locomotor ataxy. In many respects

it resembles chronic rheumatic arthritis; but hoAvever close the
resemblance may be, there are usually two marked differences—
one is the absence of pain in the part, the other is the excessive

mobility of the articulation.

Charcot's Disease.

1. Very riqnd and extreme wearing
away of the articular bones, often

leading to spontaneous disloca-

tion.

2. Often rapid and great collection of

turbid serum, forming a large

fluctuating tumour, iilling up
>Scarpa's triangle and Inilging

behind as well.

3. Its onset is acute, and its course is

rapid and in-egular, and it may
subside partially or entirely.

4. Absence of pain and stiffness of
the affected joint

; patient can
readily move it.

5. Peculiar scrunch on moving the
joint passively.

6. Formation of osteophytes the ex-

ception.

Chronic Rheumatic Arthritis.

1. Chronic in its course, and the

wearing away is accompanied

with excessive growth of osteo-

phytes round the lips of the

articulation; dislocation rare.

2. This is essentially a dry disease

—

the cavity of the joint is usually

very dry, thongh neighbouring

bursfe may be enlarged from
effusion, and soiaelimes the joint

itself.

3. Is essentially long-continued, and
steadily progressive from bad to

worse.

4. Joint rigid, and there is great pain,

especially at night.

5. Dry creaking or crackling crepita-

tion on passive movement.

6. The rule in this affection.



470 Applied Anatomy

:

Accompanying Charcot's disease we may likewise fhid some or

all of the following symptoms—(1) Lightening and girdle pains;

(2) loss of co-ordinating power, usually first observed l)y tlic patient

in the dark, as in rising at night, or when his eyes are shut, as in

washing himself in the morning, wlien ho is apt to fall into tlic

basin. It is also seen when he stands witli his eyes closed and

his heels close together, for then he sways from side to side, and

will probably fall ; he staggers also Avhen he turns sharply round.

(3) Loss of the patellar reflex; (4) Argyll Eobertson symptom;

(5) temporary paralysis of the ocular nerves
; (6) various forms

of parsestliesia, such as numbness and formication, and delayetl

conduction of sensory impressions, especially of pain; and (7) crises

of various organs, such as the stomach, intestines, and kidneys, but •

especially the stomach.

Treatment of Fractures of the Neck.—In all cases treat as if
^

we meant to get bony union. The old plan was simjily to keep

the patient a week or two in bed, then aUoAv them to rise and

liobble to the end of hfe (often not far distant), with the aid of

a friendly stick or crutch, as best they could. Many Surgeons

seem to think that this is still the best method of treatment,

with the addition, perhaps, of a well-fitted Thomas's hip spliut.

In spite of this treatment it occasionally happens that the fracture

unites by huw, as some museum specimens show ; and in cases

where no union takes place, the capsule becomes so thickened m
many cases that the patient may be able to wallc about fairly well.

Formerly the mortahty from this accident was greater than that'

of amputation at the hip joint, the causes of death being failui-e

of tlie general health, hypostatic congestion of the lungs, and

bed sores; these, combined with imperfect nursing, very quickly

finished the patient, lie careful to keep the buttocks and back

clean and dry, the sheets smooth, and, if necessary, use a water

bed ; the use of the weight and pulley, too, with a single or double

long side splint to prevent eversion, will do much to obviate the

former dreaded and fatal dangers. In impacted fracture, provided

the shortening and eversion are not greater than usual, all that

is required is simply to steady the limb by a double long splint,

without the me of any extension a-pparatvs at all. The bone must

on no account bo uuimpacted, as it is in the very best possible
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comlition for bony union. (For the method of putting up the Hnib

by the long splint, or weight and pulley, in fractures of the neck,

see end of " Fractures of the Femur.")

Fig. 98.

Fracture just below the Lesser Trochanter.

To represent the action
of the Psoas and
the Uiacus

FRACTURES OF THE SHAFT.

Fracture of the shaft is very common in children, and is often

transverse in direction and incomplete (green- sticlc). Excluding
fractures of the neck, one-third of all fractures of the femur occur
in children under ten. In adults the fracture is usually oblique,

being caused by indirect violence, the bone giving about its middle
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third. If the fracture be through the upper part of the shaft, below
the lesser trochanter, the uppe^ fragment is tilted forwards and
everted by the psoas and iliacus, and drawn outwards by tlie external

rotators and glutei muscles (Fig. 98); the lower fragment is drawn
upwards behind the upper by the rectus femoris in front, and the

hamsti'ing muscles behind, and drawn inwards by the pectineus

Fig. 99.

Fracture near the Knee Joint.

Axis of the imbroke:i Bone.

and adductor muscles. Hence there is marked shortening, eversion,"

and crepitus. In treating this fracture it is very difficult to place

and keep the upper fragment in proper position; this is because we
have no power to act upon it directly, nor overcome the muscles,

attached to it. In fracture through the middle of the" shaft, which
is by far the most common situation, the lower fragment is drawn
inwards and upwards behind the upper fragment by the adductor
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fibres attached to it, and rotated outwards, probably by the

weight of the limb and the adductor magnus; while the upper

fragment projects forwards, usually from the same causes as in

fracture of the upper part of the shaft, and is probably also tilted

in this direction by the lower fragment slipping in behind it.

In fracture in the vicinity of the Condyles the lower fragment

is tilted backwards by the gastrocnemius, plantaris, and popliteus

muscles, and can be felt deep in the popliteal space (Fig. 99), the

upper end being tilted a little outwards by the tendon of the

adductor magnus ; the upper fragment is drawn inwards by the

pectineus and adductors, and tilted forwards by the psoas and
iliacus, but in many cases it remains very nearly in its natural

position. In all cases of oblique fracture of the shaft of the femur
there is shortening and external rotation—shortening being caused

by the contraction of the flexors, extensors, and adductors of the

limb, while external rotation is caused by the external rotators

being more powerful than the internal. In children fractures of

the shaft of the femui- are frequently transverse, and, in such cases,

the well-marked displacement is absent; and, in connection with
fractures in the vicinity of the condyles in children, it should be
borne in mind that diastasis of the condyloid end of the femur may
take place—the lower epiphysis of this bone not uniting with the
shaft tiU the twentieth year. Just as in the humerus, the great
sign of fracture of the shaft of the femur is mobility in its length;
fix the upper part of the thigh and get some one to move the leg
gently from side to side.

METHODS OF TREATING FRACTURES AT ANY PART
OF THE FEMUR.

1. The Long Splint.—I begin with the "long splint," which
is usually named after Liston, not because it is the best method,
but because it will be more convenient to describe it first, as the
same apparatus may be used, but for a very diff'erent purpose, along
with the weight and pulley; and doing so will, therefore, save
repetition. In some cases, too, it may be impossible to use the
weight and pulley—e.t/., where patients are cooped up in the time-
honoured, but sadly defective (for the purposes of the Surgeon, and
from a hygienic point of view as well) " box-bed." For the long
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splint we require a board, four or live inches broad, long enough to

reach from the axilla to six inches beyond the foot
;
through its

upper end are two holes, and its lower end is cut into a three-

pronged-like fork. This is rolled up in a sheet, so folded that it

will reach from the tuber ischii to the malleoli, thus leaving the

last six inches of the splint bare
;
enough of the sheet must be left

free to surround both limb and splint afterwards. The splint is

then laid along the injured side with the free part of the sheet

under the limb. The " perineal band" is next placed in position,

but left slack; this consists of a padded handkerchief, or one

covered with gutta-percha, passing under the perineum and tied^

Fig. 100.

Liston's Long Splint.
Broad Chest Bandiige.

Obsei've, that to lengthen the limb we must tighten the perineal

hand, which then forces down tlie long splint. If the haiulk-crcUef at

the foot is tightened, the splint is pushed up and tlio limb shortened.

through the holes in the upper end of the splint. The foot should

now be fixed to the lower end of the splint by passing a padded

handkercliief in a figure-of-eight round the ankle and foot, twisting

the ends round each other in front of the sole, and then tying

them to the horns of the splint; the objection to this plan is that it.

is apt to cause pressure on the instep or ankle, and cause eversion

of the foot, as the pull is oblique—this last might be remedied by

fastening a little square of wood to the splint in front of the sole

round which the handkerchief could be brought (Pig. 100). To

avoid these defects the late Professor Spence used plasters applied

to the limb, as in the weight and pulley method, and attached to a
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square foot-piece, and then the foot-jDiece fastened to the horns of

the sjilint ; in this way all pressure is avoided on the instep and

ankle, and extension secured in a straight line, thus avoiding eversion

of the foot. Thick pads of boracic lint are then to be placed along

the side, and " bird-nest " pads applied over all prominent points,

as the hip, knee, and malleoli. Then bring the free end of the sheet

round over the limb, and fasten tightly to the folds of sheet round

the sphnt, by means of long pins, thrust vertically across the line

of the splint ; the pins should be made of steel, spring-tempered,

otherwise they are apt to snap, and should have large round heads.

The upper end of the splint is now to be fastened to the trunk by

means of a broad flannel bandage, or kitchen roller, folded once

or twice. The foot having been already secured to the horns of the

splint, finally make extension by pulliiuj on the perineal hand and

fastening it tightly to the two holes in the upper end of the splint.

This is the most important part of the whole apparatus; by pulling

on the perineal b'and the splint is forced downwards, and with it

the leg, as the foot is firmly fastened to the splint. On the other

hand, should we try to extend by tightening the handkerchief or

tapes at the foot, the splint is forced upwards, and with it the

lo^ver fragment of the femur. It is very tempting, indeed, to have

a pull at the handkerchief at the foot; and, as a rule, nine students

out of every ten will tell you that this is how the limb is to be

lengthened. The above is all that is required in fracture of the

necks of the femur. But in fractures of the shaft we require, in

addition, padded GoocH splints ; in fractures of the iipper and loicer

parts of the shaft, the splints must be antero-posterior; in fractures

through the middle part of the bone, the splints should be lateral.

The splints are fastened by slip-knots, which must be tied over

the inner side or front of the thigh; because if tied on the outer

side they could not be tightened or loosened without undoing the

whole apparatus. Some use a continuous roller to fasten the splint

instead of the sheet, but it is better not to do so, because the

fracture cannot be seen without undoing the whole bandage, thus

causing unnecessary trouble and pain, and disturbing the fractured

bone. There is no objection to using a " many-tailed " bandage

("'a Srultetus"), but the sheet, used as above directed, is better

than anvthing else.

2h
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2. By Weight and Pulley—lor this purpose we require two
isosceles triangles of strong sticking-plaster with the selvage removed,
each long enough to reach from the malleoli to below the seat of
the fracture, or to the middle of the thigh in fractures of the upper
part of the femur, or in hip joint disease. In cutting the plasters

they should always be cut across the loeb—i.e., the way in which
it tears most easily—and not along it; otherwise the apices of the

jilasters will not be able to bear the strain. If in doubt as to the

proper way, cut a short strip from both directions and try the effect

of pulling on them. The difficulty in many cases will be to find a

web broad enough for the purpose. The bases are split into three

tails, and pieces of strong tape are stitched to the apices. The'
first thing to be done is to shave the leg, if necessary, and then to

pad the heel and the malleoli well and bandage the foot and ankle

by figures-of-eight in the usual manner, covering the malleoli well

;

also place a layer of boracic lint over the sides of the knee under
the plasters. Now apply the plasters, bandaging the leg and thigh

over them, placing plenty of padding around the knee; this is to

be continued till the base of the plasters is almost reached, when
all or one (the central) of the tails must be turned down over the

bandage, and then the bandage continued upwards over the others,

and downwards again as far as may be deemed necessary. In
applying this bandage avoid creases and reverses, and leave the

plasters for an hour or so to become firm before applying the weight
'J'he tapes at the apices of the plasters are next passed through

buckles attached to the sides of a square piece of wood, slightly .

broader than the sole of the foot. Through the hole in the centre

of this piece pass the end of the cord that supports the weight and
secure it there, either by simply knotting it, or by a little bar of

wood. The pole bearing the pulley is then to be fastened to the

end of the bed in some way so as to project from it at an acute

angle, and directly in a line with the broken limb. Raise the lower

end of the bed and place two blocks, about nine inches high, under

its feet; this transforms it into an inclined plane, and a part gf the

weight of the patient's body acts as the counter-extending force,

ijnd obviates the necessity for the irksome perineal band. The

weight is now attached to the cord, and the cord placed over the

pulley, and the extension is completed. A sand-bag is to be placed
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on each side of the limb to prevent aversion, and the whole pro-

tected by a Aviro cage. This is all that is required in fracture of

the neck; but in fractures of the shaft we require, as usual, padded

GoocH splints to prevent antero-posterior or lateral displacements.

At first a weight of from 12 lb to 15 E) is usually sufficient, and this

at the end of a fortnight or three weeks may be slowly decreased,

but carefully watching for shortening in the meantime. It is better

in the fii-st instance to make the fractured limb fully half-an-inch

longer than the sound one, to allow for the yielding of the knee

and ankle joints. In the case of transverse fractures, the weight is

not so great a necessity ; but as fractures of the shaft are usually

oblique, it is a most important means of treatment. Another

important point is to have a firm mattress below the patient ; it

should be divided transversely into thirds, and the middle third

should be divided in the middle vertically, so that one-half can be

pulled out for the use of the bed-pan, without raising the patient or

disturbing the fracture. Thus :

—

Fig. 101.

Diagram of Mattress.

No. 3 Ls pulled out and No. 4 pushed a little outwards, or also pulled out,

and then the bed-pan can easily be placed in position.

The use of sand-bags, however, is troublesome, and the long

splint is now generally used instead, with some special foot-piece

to prevent it from tilting. In every case Professor Chienb uses a

douhle long splint for the same purpose, with the most satisfactory

results. The patient can absolutely move nothing except his head
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and his arms
;

this, of course, gives the fracture tlie very best

possible chance to unite. The splints may be fastened to the

limb by ordinary roller bandages, but the sheet is much better.

The limb must be kept in this position for six or eight weeks, and

after that encased in a starch, or plaster of Paris bandage. The

patient may then be allowed to go about on crutches, either with

the injured limb slung to the neck, or else the sole of the sound

foot raised so that the injured limb may hang free.

In out-of-the-way places it may not be always possible to procure

at once the proper weight and pulley ; but an ordinary cotton reel,

with a strong steel knitting-needle for an axle, a pail containing

water for the weiglit, will form very efficient substitutes. Eemem-
ber that " a pint of water, Aveighs a pound and a qua'ter."

3. M'Intyre's Splint as Modified by Listen.— Although the

great majority of fractures of the femur are best treated in the

straight position of the limb, in some rare cases it has been found

that the fragments could only be kept in position by flexing the

leg and thigh, e.(j., in fractures of the shaft just below the lesser

trochanter, and again, just above the condyles. This method is

advised in cases of transverse fracture immediately above the

condyles, where the upper end of the lower fragment is tilted

directly backwards by the gastrocnemius, plantaris, and popliteus

muscles; hence, when the leg is fixed up in the extended position,

the knee joint is really flexed, and the result is either non-union,^

or union in a useless position. It is for cases such as these that
^

Bryant recommends division of the tendo acMllis before putting

the limb up in the straight position, in cases where the double

inclined plane fails to remove the deformity. The splint used for this

purpose is M'Intyre's splint as modified by Liston. I subjoin

a short description of the splint and its mode of application. It has

also been used in cases where, in the straight position, the sharj)

end of the bone threatens to come through the skin ; and in certain

fractures of the leg, especially when compound or comminuted.

In this splint the weight of the body acts as the counter-extending

power. The splint, then, is a double inclined plane with a move-

able joint at the knee, and a foot-piece; the foot-piece is fixed in

a slot, so that it may be drawn forwards if desired, and its angle

to the axis of the splint can be shifted by means of a screw. The
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angle at the knee can be altered in like nianner. At the lower

end there is a piece cut away, opposite the heel and tendo achillis,

to prevent undue pressure.

In applj'ing this spliiit, the first thing to he done is to fasten

a strip of bandage or a handkerchief across the space at the lower

end to prevent the heel falling backwards through the gap. The

splint must now be very well padded, so that the limb may rest

on rather than in it; but the foot piece must be padded separately.

The limb is now laid on the splint, and the foot fixed to the foot

piece by a handlcerchief or roller bandage passed behind the splint

at the heel, then, making a figure-of-eight round the ankle and foot,

the ends being fastened to a button on the sole of the foot-piece.

The foot-piece is then to be screwed to a right angle, and the limb

fastened to the splint by interrupted circles of broad bandage or

plaster. If a continuous roUer is used, then we cannot examine

the fracture without undoing the whole bandage. Screw the knee

into such a position that the fractured ends are in apposition—in

fracture at the lower end of the femur this will be nearly a right

angle. Cover up the screw behind the knee joint, lest the patient

meddle with it, and change the angle into a less irksome position,

and s^^^ng the limb, splint and all, or else fasten the iron bar

beliind the heel firmly to a wooden block, so as to get the requii'cd

height, and also for the purpose of steadying the splint. This

splint is also used by some in fracture of the bones of the leg.

For Children.— (1) The Double Long Splint may be used,

connected at the bottom by a transverse bar; this is necessary

because of the restlessness of the patient. The two splints should

be wider apart at their lower ends, and not parallel with each other,

for the use of the bed-pan. (2) Bryant's method of Vertical

Suspension of the broken limb. A posterior splint is applied

from the heel to the nates, and short splints on the sides and

front of the thigh, strapping having been previously attached to

the leg for the purposes of extension. The limb is then slung

up to a hook in the ceiling, or some other convenient point, so

as to keep the limb at right angles to the body. By this means
the bandages are kept clean, and the weight of the body acts

as a constant counter-extending force ; one or both legs may be

so placed.
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THE PATELLA.

Tliis is merely a sesamoid bone developed in the tendon of the

quadriceps extensor. It lias one centre which appears about the

second year, and is fully ossified about puberty. Tliere are two

varieties of fracture— (1) Transverse: (2) stellate, Y-shaped, or

some other form, but not transverse. It may be broken by direct

violence when the knee is flexed, and the fracture may then be

comminuted, transverse, vertical, stellate, etc. The usual cause of
^

fracture, however, is muscular action, as when the patient slips

backwards, and, to save himself from falling, throws the quadriceps

suddenly into action, when the patella snaps in the same way that

a stick is broken across the knee; the patient falls doM'n hecaim

the patella is broken; it is not the fall that breaks it. The fracture

resulting from muscular action is always transverse, and in all pro-

bability always into the knee joint and also into the prepatellar

bursa, unless the fracture merely involves the peak below the arti-

cular surface. For this reason the joint swells up from the effusion

of blood into it, which, however, usually subsides after a few days'

rest. AVlien due to direct violence, the fracture is A^ery often

starred or vertical, and then bony union, it is said, is common^

enough, as the aponeurotic covering is not ruptiu'ed ; but when

due to muscular action, tlie fragments are often widely separated .

on account of rupture of the fibrous expansion at the sides of the

bone, and the union is usually by fibrous tissue only.

Treatment.—At first, in almost aU cases, as there is severe

inflammation and gi'eat ettusion into the joint, rest in the easiest

position, and evaporating lotions are indicated, or removal of the

fluid by antiseptic aspiration. Whatever method of treatment is.

adopted, the jjatient must be semi-recumbent in all cases, Avith the

foot raised to relax the muscles that displace the upper fragment—

the quadriceps extensor, but especially that part of it formed by

the rectus femoris; after this, the fragment may be brought down

by some special appliance. As the upper fragment is chiefly

displaced, the special treatment should be brought to bear on it

alone without any circular constriction of the joint. Whatever

plan be adopted it must be kept up for six or eight Aveeks at least,

and bettor still, for three months; and after that the limb may bo
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encased in plaster of Paris, or else the patient must constantly wear

a posterior straight leather splint, so as to j)revent the joint from

being bent for at least three months more, else the fibrous uniting

medium "will stretch unduly. Many Surgeons believe that the best

results are obtained by cutting down on the patella by a vertical

incision, and pulling the fragments together by wire or catgut.

The objection to this plan is that it opens into the knee joint.

It is, no doubt, better for osseous union, but more dangerous, as

regards the life of the patient, than the other method.

l..By Posterior Inclined Plane.—This is a straight wooden

splint with or without a foot-piece, with notches or hooks opposite

the knee joint to give a fixed point from which to pull on the

patella. The splint is well padded, its lower end well raised, and

then the limb placed upon it and bandaged to it from the foot

upwards. When the knee is reached take two or three figures-of-

eight from the notches on the side of the splint above and below

the patella, gradually pressing the fragments together. If there is

much swelling and effusion into the joint do not forcibly drag the

broken parts together, but first wait till the effusion has subsided.

The thigh is then bandaged to the splint, and lastly the foot raised

and swung. It will probably be found more convenient to fix the

leg and thigh to tlie splint first and then to use a separate bandage

at the knee joint, as this can then be tightened from time to time

without disturbing the rest of the splint. The objection to this

plan is that the vessels supplying the fractured patella are com-

pressed and the fragments starved.

2. By Malgaigne's Hooks.—Two pairs of steel hooks, of which
the pair next the skin work in a slot in the other pair, and
which can be screwed together or loosened by a screw and nut

arrangement, worked by means of a handle. They may be used

as Malgaigne himself used them, simply passing them through

the skin into the broken fragments, only with strict antiseptic

precautions
; or they may be used in the way practised by the late

Professor Spence :—Two large pieces of stout plaster, each seven

inches long by five broad, with a semi-circular piece cut out of the

upper and lower ends respectively, are prepared ; also a number
of smaller rectangular pieces three inches by two. The posterior

iuclined plane is applied as before described, and the leg and thigh
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bandaged to it. Then stretch the skin and apply the long pieces

of i^laster so that the notches fit ronnd the edges of tlie patella;

the smaller pieces are next fastened on to the front of these. The
points of the hooks are then stuck into these smaller pieces and
screwed to the required tightness. In this plan there is no circular

constriction of the limb; it was spoken of very higlily by the late

Professor Spbnce.

3. Manning's Splint.—This splint acts on the ujjper fragment
of the fractured patella by elastic, and therefore constant traction,

^

and, at the same time, avoids circular constriction of the limb, so

that the articular arteries are not compressed. It consists of a

wooden back-piece, a little Avider than the knee joint, and long

enough to reach from the sole of the foot to the gluteal fold, and
provided at the loAver end with a foot-piece. At the .iunction of

the middle and lower thirds is a transverse oblique slit one and a

half inches long. Strips of strong plaster, two inches broad, and
long enough to encircle the thigh and overlap by some inches, arc

attached to a calico band. The free end of tliis band is carried

through the slit, and the strips of plaster are open on the upper
part of the splint. A piece of wood is attached to the lower part

of the splint, and another piece of corresponding size is attached to^

a loop at the end of the calico band, so that, when drawn down
and the splint adjusted, these pieces may be five or six inches .

apart. The foot and the leg having been previously bandaged as

far as the lower edge of the patella, and the splint padded so as

to leave the slit uncovered, the strapping is heated by means of a

bottle of hot water, and, while an assistant draws down the upper

fragment by grasping the muscles of the thigh, the strips of plaster

are carried firmly round the limb from above downwards, extending

from just below the gluteal fold to within three inches of the upper

border of the patella. It being important that the band of caliea

should be kept in the middle line, the upper part of the thigh is

then secured to the splint by a few turns of a roller. Lastly,

elastic rings are passed over the projecting ends of the pieces of

wood, on each side of the splint, so as to exercise suificient traction

on the muscles pulling on the upper fragment and approximate the

fragments. In the drawing given in Erichsen's " Surgery," the

limb appears to be lying flat ; if this is the case a better plan, wc
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think, would be the usual position for fractured patella—the heel

raised some distance above the level of the buttocks.

4. The plan adopted at the Middlesex Hosjiital seems to be a

good one. A broad piece of j)laster cut out at one border some-

Avhat horse-shoe-shaped, but with the ends of the ciirve prolonged,

is fixed to the thigh, so that the curved edge is level with the

normal position of the patella, and is fixed by a few turns of a

roller bandage. The limb is now placed on the posterior inclined

plane, "«ath foot-piece, or a M'Inttbe's splint. The lower frag-

ment is fixed by means of a pad of lint and plaster bandage. To
tlic ends of the plaster, tapes are stitched, which are attached to

india-rubber " accumulators," which are in turn fastened by means
of strips of bandage to the foot-board of the splint. The requisite

amount of tension is obtained by loosening or tightening these

strips 'of bandage.

THE BONES OF THE LEG.

Like the bones of the fore-arm, both these bones are developed

from three centres, that for the sliafts appearing about the usual

Fig. 102.

Head of Tibia.

Toiigiic-shaped pro-
cess forming the
Tubercle

Uuites 111 25 years of age.
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time. The centre for the head of the tibia appears at the tunc of

birth, and that for the fibnla about the fourth j'ear; both join their

Fig. 103.

Lower End of Tibia.

Epiphysis.

Unites at 20 years of ago.

Fig. 104. Fig. 105.

Upper End of Fibula. Lower End of Fibula.

Unites at 25 years of age. Unites at 20 years of age.

respective shafts at twenty-five (Figs. 102, 104). The centres for

the lower ends of both appear during the second year, and join the

shaft at twenty (Figs. 103, 105). It will be noticed, therefore,
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that, opposed to the usual custom, the loAver epiphysis of the fibula

appears first and unites first. The tibia groAvs in length chiefly

from the upper epiphysis. Tliis epiphysis includes the facet for

the fibula on the outer side, and the groove for the semi-mem-

branosus on the outer side; in front it slopes down obliquely so as

to include the -whole of the " tubercle " of the tibia, the insertion

of the ligamentum patellte (Fig. 102). The lower epiphysis of the

tibia has no muscles attached to it, but includes the inner malleolus

and the facet for the fibula.

The fibula is surrounded by a thick pad of muscles for the

greater part of its extent, which thus gives an otherwise weak

bone great support ; its lower fourth, hoAvever, is subcutaneous.

The anterior border and inner surface of the tibia are entirely sub-

cutaneous, hence any irregularity in outline can be readily detected,

and for the same reason the fracture is more often compound and

comminuted than any other bone ; it becomes compound in two

ways—either from the force that breaks the bone in direct violence,

or else from a sharp fragment being forced through the skin in

indirect Adolence. Each of the bones may be broken separately,

but usually both are broken together. If the tibia alone be broken,

or if the fibula alone be broken, there is usually little displacement,

because the .sound bone acts as a splint to the fractured one, and

especially if the fracture be transverse. The Aveakest part of the

shaft of the tibia is about its loAver third, and the AA'eakest part

of the shaft of the fibula is about its upper fourth, and at these

points, therefore, the bones usually give way in fracture from

indirect violence ; the fracture, further, is usually oblique from

behind, doAvnwards, forwards, and a little inwards. In direct

violence the fracture will be transverse and at the point struck. In

transverse fractures of one bone there will be little displacement,

muscular action simply keeping the fractured ends in apposition

;

if, hoAvever, the fracture be oblique and both bones broken, the

lower fragment is drawn upwards and backwards by the muscles

of the calf (gastrocnemius, plantaris, and soleus), and this is more

marked if the fracture be situated at the lower part of the shafts of

the tibia and fibula (Fig. 106), and rotated outAvards by the aveight

of the foot ; Avhile the upper fragment is tilted forwards by the

tendo patdlw (the tendon of insertion of the quadriceps extensor
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cruris—tlic rectus, the two vasti, and crureus)—and rotated inwards

by the sartorius, gracilis, and semi-teudinosus; and this displacement

of the upper fragment is more evident if the fracture be at the

upper part of the shaft of the tibia. All fractures of the bones of

the leg occur with extreme rarity in infancy and childhood.

Fig. 106.

Fracture at Lower Part of Leg.

Axis of the miljrokon Boiics.

JFuscloR ofHioCiiir
dragiiig the IIccl

bnckwiirds -

Axis of the Hiibrokcu Boucs.

Tlie Muscles fdnniiiff the
Ijigiimoutum P;itoUio,

tlisplaciiig the uiipci-

fnigincnt forwai'ds.

Tibia Alone.—This is usually the residt of direct violence, as a

kick or a blow. In transverse fracture, when the fibula is intact,

the fracture may be missed unless great care be exercised, as there

is no displacement, and the patient may be able to walk wonder-

fully well. But the existence of a tender spot at the seat of the
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crack, and the fact that firm indirect pressure on the bone above

and below this point will probably produce a yielding and crepitus,

and certainly cause pain at the seat of the fracture, should prevent

any mistake in the diagnosis.

Fibula Alone.—This bone may be broken either by direct or

indirect violence. The usual seat is from two to five inches above

the malleolus, especially if caused by indirect violence. It may be

caused by a twist of the foot, either outwards or inwards, and is

then very often associated with partial or complete dislocation of

the ankle joint ; but in that due to inversion of the foot there is

often no displacement at all. If due to eversion, the broken ends

of the fibula are driven inwards towards the tibia (see "Disloca-

tions of the Ankle—Pott's Eracture"). There is also a fracture

of the fibula occasionally met with, through or just above the

malleolus, caused by direct violence, where there is also an absence

of displacement. Here again, in diagnosing such fractures, the

great guides must be the existence of a tender spot, sharply defined

(differing therefore from a bruise or sprain, though both may be

present), and the indirect method of pressure applied to the upper

part of the fibula, pressing it towards the tibia, Avhen pain will be

caused at the fractured spot. If it be merely a bruise, there will

be no ,pain as thus tested. The only source of fallacy in this test is

the possibiHty that the lower tibio-fibular articulation be inflamed,

and when pressure is made upon the upper part of the fibula, the

pain might be due to squeezing the inflamed articulation, and not

to a fracture.

Both Bones.—This fracture may be caused by direct violence, as

kicks, blows, wheels passing over the limb, etc., when the bones give

Avay at the point struck ; or indirect violence, such as jumping from

a height, severe twists, etc., when the bones yield at their w^eakest

parts. The limb is usually everted from the weight of the lunb,

from the force breaking the bones, and probably also from muscular

action. Both bones of the leg require about eight weeks to unite

firmly ; the tibia alone requires seven, and the fibula alone six.

Treatment. — In cases of fracture of the shaft of a single

bone, with little or no displacement, any simple apparatus will be

.sufficient, such as Clink's side splints, for the first few days, till the

swelling has subsided, Avhen the limb may be encased in a starched
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bandage, the Bavarian plaster splint, Croft's dressing, or it may be

treated by the "Edinburgh box splint" (Spence's), to be described

immediately. The chief objection to all immovable dressings is

that the fracture cannot be examined from time to time to correct

any possible error of position. When both bones are fractured,

or, indeed, in any form of fracture, the most simple and convenient

splint to use, and one by which perfect apposition can be secured,

is that known as

—

The "Edinburgh Box Splint."—This consists of— (1) Two s

narrow pieces of board, long enough to reach from the knee to

a few inches beyond the sole, so that when applied they should

command both knee and ankle joints, and broad enough to pre-

vent the slip-knots pressing on the leg; (2) a sheet folded a little

shorter than the length of the splints ; and (3) two small towels to

form pads for the front of the limb. In addition to this we require

slip-knots, roller bandages, padding, etc.

In applying this apparatus, roll up tlie splints from different

sides of the sheet till there is just enough room left for the leg.

"We have thus a "box," the sides of which are formed bj' the

splints covered by the slieet, the posterior part of the box simply

consisting of several layers of the folded sheet. If desired, this

may be rendered rigid bj^ introducing a strip of pasteboard between"^

the layers of the sheet. JSTo'w bend the knee, and lay the leg in

the box thus made, taking care to pad the prominences about the

knee and the malleoli well. If jDreferred, the leg may be laid on

the middle of the sheet in the first instance, and the splints rolled

up from either side ; this will obviate the necessity of lifting the

leg afterwards. The foot is then to be fastened at right angles to

the leg by a few turns of a figure-of-eight round the ankle and

splint—the bandage being carried from the inner to the outer side

of the foot across the dorsum, so as to guard against any possible,

eversion ; then lay the towel pads on the front, so as to overlap

at the fractured part, after which secure the splint to the leg by

slip-knots, one of which is to be carried over the double pad of

towel in the region of the fracture. If one towel only be used,

then the fracture cannot be examined without undoing all the

slip-knots ;
whereas, if two be used, as described above, by simply

undoing the central slip-knot, the ends of the towels can be turned
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back, and the fracture examined witliout slackening the rest of

the dressing. this plan the fractured point can be examined

very easily without disturbing the rest of the splint, which could

not be done were an ordinary roller bandage used; all that is

required in this case is simply to undo the middle slip-knot and

turn back the ends of the two towels. The limb is now to be laid

on a couple of pillows, or swung, with the knee considerably bent,

to relax the muscles of the calf. The fracture can be examined from

time to time without disturbing the limb. The most important points

to be kept in mind are—(1) To keep the foot at right angles to the

leg ; and (2) to guard specially against any eversion of the foot

—

a little inversion is not so objectionable, although this should

also be avoided. Both these conditions can be readily carried out

by using the "box splint." To keep the foot at right angles a

figure-of-eight of elastic, or ordinary domett bandage, is passed

round the foot and fastened to the sides of the box. To judge

whether the foot is properly placed as regards eversion and in-

version, it should be noted that when the foot is in tlie proper

position tlie hall of the great toe, the internal malleolus, and the

inner edge of the 'patella, are all in one vertical plane, and the

patella loolcing directly upicards. Even in health, however, there

is a slight tendency to inversion of the foot. In methods of

treatiiig these fractures, where the knee joint is flexed and the leg

laid on its outer side on a pillow, it is impossible to judge of the

eversion and inversion ; hence the usual result is that the patient

rises with the foot very much everted, the toes probably pointed,

and consequently a crippled and useless foot—a condition not only

bad at the time, but one likely to induce disagreeable secondary

consequences, e.g., flat-foot, with all its aches and pains. In

cases where the fracture is very oblique, and accompanied with

much shortening, it will be necessary to employ the weight and
pulley. In cases where the fracture is low down, there may not

be sufficient room to apply the extension plasters, but a short

elastic sock, laced to the foot should be used, with side straps to

fasten to the buckles on the square of wood to which the cord

is attached. We may also use two pieces of plaster cut into a

number of short tails, to grasp the dorsum of the foot, and the

sides and posterior aspect of the heel, as shown in Fig. 107. The
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" box splint" may be used in almost eoar\j case of fracture of the

bones of the leg, even for fracture low down, where the chief

difficulties are, the eversion of the foot and the drawing back of the

heel (see Kg. 106), although special splints have been devised for

both these displacements

—

Dupuytren's splint for the eversion,

e.g., in "Pott's fracture;" and the "stirrup splint" (Syme), for

the falling back of the heel.

Fig. 107.

Extension Plaster.

Dupuytren's Splint.— This may occasionally be useful in\

"Pott's" fracture. It is a most troublesome splint to apply

properly, and equally difficult to keep in proper position when

it is applied, as it always tends to shift ; if it is to be used the

Fig. 108.

Dupuytren's Splint.

(The "Short, Long Splint")

knee must be flexed and the limb laid on its inner side on a

pillow, and not swung. Purther, the same objection may be

urged against it as against the special splints used for Colles's

fracture; it causes excessive inversion, thus displacing the foot
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as fai in tho opposite direction as the injury did in tlac other.

It consists (1) of a tri-furcated wooden splint, -with two holes at

its upper end, long enough to reach from the limd of the tibia

to four or five inches beyond the sole (Fig. 108). (2) A pad of

towel or sheet the width of the splint, and doubled on itself at

its lower end.

Fasten the sjjlit ends of a roller bandage through the holes at

its upper end, as this will steady the splint and preA^ent it from

being forced upwards. Apply the pad over the splint, so that

the doubled end of the towel may be over the internal malleolus,

forming a soft fulcrum round which the foot is to be inverted;

fasten it to the splint by slip knots or a continuous bandage.

As the object is to invert the foot and throw the broken ends of

the fibula outwards, the splint, thus prepared, is applied along the

inner side of the limb on the same lie as the bones of the leg,

and secured firmly to the head and upper part of the tibia, but

not carrying the bandage above the knee joint, as the knee has to

be flexed. The knee must be bent so as to relax the muscles of

the calf which pull back the heel and point the toes ; the foot is

then brought to right angles and inverted. At the lower part of

the leg, tlie bandage securing the splint to the leg and inverting

the foot, must not go above the external malleolus, otherwise it

wUl press tlie broken ends of tlie fibula towards the tibia. The
splint is firmly fastened to the leg at the loAver end, and the

foot is then to be inverted to the desired extent by means of a

few jn'operly applied figure-of-eight turns of a bandage; the

figures-of-eight must be led round from the inner side and across the

dorsum of the foot, and then inwards across the sole, and secured

round the prongs of the splint. The part of the foot to be acted

upon in producing the inversion is just above the projection of

the fifth metatarsal bone, and not on the heel. Lastly, the knee
being well flexed, as already indicated, the limb should be laid

on its inner side on a pillow, and secured thereto by strips of

bandage. In applying this splint, therefore, for Pott's fracture

—

(1) Mount the sj^hnt; (2) lay it along the inner side of the leg;

(;3) fasten it to tlie head of the tibia
; (4) fasten it to the lower

end of the tibia; and (6) invert the foot by figures-of-eight round
the bonis of the splint and foot,

2i
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The "Stirrup Splint" (Syme).—This is a wooden splint with
one end like a horse -shoe, and two holes through the upper end;
it is mounted in the same way as Dupuytren's splint. A sheet
or large towel is also required, rolled up from each side towards
the centre, forming a pad very thick at each side but less so in

the middle, so that when applied along the front of the sharp
edge of the tibia, the splint may rest on the rolled up thick parts

of the pad, in this way fulfilling two purposes, first steadying the
splint, and secondly protecting the sharp edge of the bone from
pressure (Fig. 109). This splint was formerly used to prevent ^

retraction of the heel in fracture of both bones of the leg low
down; it may also be used at the same time to overcome excessive
inversion or eversion. Like the last splint it is most difficult to

fasten on and keep in position; and very often the patient coxdd
not bear it, as the soft parts in front are sometimes injured.

Fig. 109.

Pad for "Horse-shoe" Splint.

.— Siiliiit.

.Spoci.il Piid.

V

•••^UoUow for the Crest of the Tibhi.
^

Fasten a pad, like tliat used with Dupcytrex's splint, firmly

to the splint by slip knots, so that the doubled end is level with
the middle of the arch of the horse-shoe. Place the special pad
along the front of the tibia, and then lay the splint along the front

of the tibia with the prongs on either side of the foot. Then a

handkerchief, or bandage, is brought under the tip of the heel,

neither above nor below that point—if brought in front of the

sole it would push the heel backwards, and if applied higher up-

it would simply cause greater displacement. It is then carried

round the shoulders of the prongs, there crossed, and the figure-of-

eight completed round splint and ankle, and fastened. The object

is simply to lift up the heel and hang it to the end of the horse-

shoe. Lastly, the upper end of the splint is fastened to the leg

by a I urn of bandage ])aascd tlirougli the tw<i holi!.'< there, so that
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tlic splint may not slip ; and a strip of Landage is passed from one

horn of tlie splint to the other in front of the foot.

Before the "stirrup splint" came into use, in cases of great

retraction of the heel, Dupuytren's method was generally adopted,

viz., a posterior splint to imsli the heel forwards. A well padded

Goocn splint may be used for this purpose—this keeps the heel

in position, and prevents any possible retraction. The pressure on

the heel, however, should bo made as diffuse as possible in order

to prevent nlceration.

I will noA\^ give a short resume of the different methods used

in the treatment of " Pott's fracture "—wliicli method to choose in

any given case will depend much on the special displacement

present, the presence and position of blisters, abrasions, or wounds

complicating the fracture. AVhatevcr plan is adopted, the first and

by far the most iuiportaut part of the treatment is to put the

fractin-ed bones into as good position as possible before applying

tlie splints.

1. The "Box Splint," properly padded to overcome the dis-

placement, e..'/., to overcome the eversion, place one special pad

just above the internal malleolus, and another over the external

. umUeolus. See that the heel is kept w^ell forward.

2. Dupuytren's Splint may be used in cases where the eversion

is excessive, and provided there is no' wound or blister over the

inner aspect of the leg.

3. Double Poroplastic Splints moulded to the limb, the bones

being first carefully set, and the leg being retained in proper

position till the splints become rigid.

4. The " Stirrup Splint," Avhcre the backward displacement i^f

the heel is the most marked symptom. Have a specially prepared

pad along the crest of the tibia, lest the splint cause ulceration of

tlic soft parts—this method pulls the heel forwards.

5. Dupuytren's Posterior Splint to push the heel forwards.

See that the pressure over the heel is diffused properly, lest a

[tressure ulcer bo fomied.
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RESUME of fractures near the ankle joint :

—

1. Fracture of both bones: great trouble by the falling back
of the heel.

2. Fracture of the internal malleolus, Avith rupture of tlic

external lateral ligament; foot displaced inwards.

3. Pott's fracture—fracture of the fibula about an inch and
a half or more above the external malleolus, with

rupture of the internal lateral ligament, or snapping

across of the internal malleolus; foot markedly everted,

and heel often much retracted.

-I. Dupuytren's fracture—fracture of the fibula and rupture

of the internal lateral ligamejit, as in Pott's fracture

;

but also rupture of tlie inferior tibio-fibular ligament,

or else the part of the tibia to M'hich it is attached is

torn oiT ; foot displaced outwards, as a whole, without

marked eversion or inversion.

."). Fracture of the fibida in the same position as in Pott'.s

fracture, due to inversion of the foot; the fractured

ends tilted outwards. In Pott's fracture it is due to

eversion of the foot, and the broken ends are driven in

towards the tibia.

G. Fracture of the fibula, just through the malleolus, from

dii-ect violence; little displacement, but foot may be

slightly inverted. In diagnosing this fractiu'e trust

cluefly to the existence of a ten<ler spot and pain oji

indirect pressure—pressure at the upper part of the

fibida—and the nature of the violence.

I must be pardoned if I have, for the most part, described the

ICdinburgh methods of treating fractures. I have done so, not

merely because they arc the Edinburgh methods, but because of

their simplicity and efficiency. I do not write this as an apology,

because the methods require no apology. The lecturer on Surgery

has no right to waste liis time teaching the student—who will

l)robably by-and-by drift into general practice in some out of the

waj' i^lacc—the use of complicated methods, which it will jjrobably

bo out of his power then to procure, or his patients to pay for, and ^

M-hich are, for the most part, of advantage only to the instrument
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maker. It is better to describe the use and application of simple

methods and means—methods that can be applied anywhere, and

splints that can be made in a few minutes by any carpenter, or

even by the Surgeon himself, if he be at all conversant with the

use of such tools as a pair of scissors, a poclcet-knife, and saw.

The principles I have endeavoured to lay down, and the methods

I have described, may be applied with equal facility in the

sequestered valleys of Wales, on the hillsides of Scotland, among

the ancestral liomes of England, in the humble cabins and among

the bogholes of Ireland, in the Australian bush, and in the back-

AYOods of the Far West.

»
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CHAPTER XXV J.

EXCISION OF BONES.

THE UPPER JAW.

The upper jaw apticuiates with nine bones—viz., the frontal, tlie

ethmoid, the nasal, the malar, the lachrymal, the inferior turbinated,

the palate, the vonaer, and, lastlj'', with its fellow of the opposite side.

This bone assists in the formation of three cavities— the roof of

the month, the floor and outer wall of the nasal fossae, and the floor

of the orbit ; it also helps to form two fossce, the zygomatic and

the spheno-maxillary—and twofmires, the spheno -maxillary and

the pterygo-maxillary. A knowledge of these facts has a most

important bearing in the matter of diagnosis. In the case of malig-

nant disease, the bone must only be removed, provided the Surgeon

convinces himself that ho can remove all the diseased tissue and,

at the same time, cut M'ide of the disease. In examining a tumour

of the upper jaw, the Surgeon must look at it from five points of

view— (1) Trom the face, (2) from the orbit, (.3) from the nose,

(4) from the mouth and pharynx, and (5) from the temporal and

zygomatic regions, and then ask himself the questions—(1) '^^^ae^e

did it begin ] and (2) What are its attachments now 1 Should it

implicate the basi-sphenoid, the frontal or ethmoid cells, as shown

by separation and divergence of the eyes, and broadening of the

root of the nose, it will be better to leave it alone. Among the

early signs of malignant tumour of tlie upper jaAv may bo noted—

(1) Overflow of tears from pressure on the nasal duct; (2) .shooting

pains in the supra-orbital region from implication of the fifth""

nerve; and (3) blocking of the nostrils. As in all operations about

the mouth, ha;morrhage is one of the chief difficulties and dangers,

not merely from the actual loss of blood, but from tlie danger oiT

asphyxia from the blood passing into the pharynx ; another very
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serious danger, should it reach the lungs, is that it is apt, at a later

period, to set up a suppurative form of pneumonia ("Interlobular

Suppurative Pneumonia"), probably from the coagulated blood

becoming septic and putrifying in the vesicles. This danger, how-

ever, is not so great in excision of the upper jaw as in many other

operations; still, if great hfemorrhage is expected, some of the

following special means maj' be adopted. The risk of the operation

itself is small, and in this respect it contrasts very markedly

with excision of the tongue, where the risk is very great and the

prognosis grave.

Note on Diagnosis.—If the tumour

—

e.g., a sarcoma

—

1. Begins in the malar bone, it pushes the cheek into a

conical projection, and bulges into the mouth between

the gums and the cheek. The line of the teeth and

the palate are normal.

2. If it begins behind the upper jaw, it pushes that bone

forwards as a whole ; the line of the teeth and the

antrum are normal.

3. If it begins in the antrum, it expands the walls of that

cavity, bulging into the nose, mouth, and orbit, and

causing a projection on the face. The line of the teeth

is also irregular.

4. If it begins in the ethmoid cells, it causes broadening of

the root of the nose and projection of the eye outwards,

rather than forwards. There will also, probably, be

a history that the swelling began higher up than the

antrum. Mere protrusion forwards of one eye is not so

bad, but when the eyes are separated it indicates that the

growth lias either begun in, or spread to, the ethmoidal

sinuses, and is, therefore, too far gone for operation.

One plan to obviate the risks from hseniorrhago is to keep the

"source of the blood lower than the opening of the larynx, by allowing

the patient's head to hang over the end of the table and sponging

out the accumulated blood from time to time (Annandale) ; or

Trendelenburg's " trachea-tampoon " may be used, or some modi-

fication of it; or, as Maceaven suggests, one may pass a rigid tube
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through the glottis, after which the entire pharynx is tightly filled
with a sponge; or, a stiU simpler and more efficient plan, adopted
by Professor Chiene, in cases demanding such severe measures—

a

preliminary tracheotomy is performed, and the pharynx filled with
a sponge, and an elastic tube, passing from the end of an ordinary
funnel, is inserted into the inner part of the tracheotomy tube, and
through this the patient inhales the chloroform; over the mouth of
the funnel a fold of domett bandage is stretched, and on this the
chloroform is dropped as required. Besides its simplicity this plan
has another advantage—namely, that the chloroformist is well out
of the way of the operator.

Instruments required.—The usual instruments required in all

major operations, also tooth forceps, a narrow saw with a movable
back and a large handle, bone forceps, lion forceps, gouges, hair-lip

needle or silver Avire suture, retractors, chisel and mallet at hand
lest they be required, wire nippers; and perchloride of iron, or tlie

actual cautery for the hajmorrhage; solution of zinc chloride, to

touch up doubtful parts afterwards; and lastly, some of the special

means for the management of the hemorrhage, and the administra-

tion of chloroform. The Surgeon stands on the same side as the
bone to be removed in the first instance, but during the sawing
of the bony points he will probably find it most convenient to

stand always on the right side. The usual number of assistants

may be made use of, and their duties require no special mention.

(1) Place the patient in a semi-recumbent position, shave the

parts if necessary, compress the facial artery as it passes over the

lower jaw, extract the central incisor tooth of the diseased side, and .

then make the incision—(a) Liston's (Fig. 110). Enter the knife

opposite the external angular process of the frontal bone (i.e., a

little above the zygoma), and carry it in a semi-circular manner
downwards and forwards to the angle of the mouth. Another
incision is then made from the nasal process of the superior

maxillary bone down the side of the nose, round the ala, and
through the centre of the upper lip into tlie mouth; this flap is

then dissected upwards and inwards. This is the most convenient

incision when the tumour is of large size. (?>) Bij E.dernul Flap

(Fig. Ill, ffl). Cut horizontally from the outer to tlie inner canthu-s'

of the eye, then straight down to the ala of the nose, round it
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aud through the centre of the upper Hp into the mouth; this flap

is then dissected downwards and outwards. The great advantage

of this incision is that the arteries and nerves of the face are cut

close to their terminations, and not through their larger branches, as

they are more likely to he by Liston's method. (2) Having divided

the mucous membrane and dissected the flap ofi" the jaAv, separate

Fig. 110.

Liston's Excision of the Upper Jaw.

A—Position and direction of the additional incision wlicn tlie nial^r

lione i.s to be removed as well.

the soft parts from the floor of the orbit, including the periosteum,

and should the case admit of it, the orbital plate of the superior

maxilla as well, using a thin copper spatula to protect them and

tlie globe of the eye. Before going any further, it will be well to

tie all the T)leeding vessels, .such as the coronary and angular; after

wliich (3) divide the bony points.
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There are four bony attachments to divide. Tlie following
order Avill be found convenient The malar attachment; this
is first to be deeply notched with the saw, parallel with, and
immediately in front of, the masseter muscle, passing into the
spheno-maxillary fissure. (2) The palate attachment to the opposite,
bone and the palate bone ; the saw is passed into the nostril, and
the hard palate and the alveolus divided. The saw should be kept

(<() Excision of tlio

Uppei- Jaw by
External Flixp__

CO The Line for tlio

Excision ofthe
Lower Jaw

Fig. 111.

Excision of the Jaws.

parallel in the nostril, as there is but little danger of injuring the

soft palate, as it hangs down perpendicularly from the end of

the hard palate. It is useless to attempt to dissect off the soft

tissues from the hard palate. (3) The nasal process of the superior

maxilla, articulating with the nasal, frontal, and laclu'ymal; the

bone forceps alone is usually sufiicient for tliis jjurpose, one blade

being placed in the orbit, the other in the nose, with the flat side,
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as usual, next the part to be left. If preferred, this process may

first be notched with the saw like the other two, or complete

division may be accomplished by a chain saw. Some Surgeons

divide these points with the saw in the following order -.—Palate,

nasal, malar, and then complete the division with the bone forceps

in'the reverse order. The forceps are now used to completely divide

the malar attacliment, and, lastly, the palate process and alveolus;

in dividing this last part the forceps can also be used as a lever

to prise the bone from its bed, thus preparing the way for the

next part of the operation. Dr Duncan completes division of the

malar attachment by the bone forceps last of all, as he says it is

easier to loosen the bone by working downwards and inwards than

by prising it iipwards and outwards, as is done when the palate

attachment is divided last. (4) Everything being now ready for

the gush of blood likely to follow removal of the bone, and the

patient brought fully under the influence of the anaisthetic, and

the soft palate separated from the hard by a transverse incision, the

jaw is firmly grasped with the lion forceps, and with a firm, sudden

wrench downwards and outwards the bone is torn from its posterior

attachments; in this way its attachments to the palate bone and

the pterygoid processes behind, and the ethmoid bone above are

torn away. As the bone is wrenched out, any soft tissues must

bo divided with the fingers or bistoury, such as the origin of the

temporal muscle in the zygomatic fossa, the buccinator muscle, and

the infra-orbital nerve, etc. When the bone is removed there is

great haemorrhage, and the cavity must be at once packed with a

dry antiseptic sponge, or strips of lint, till the vessels (which are

mostly of small size) have had a little time to close themselves by

retraction and contraction; the vessel that gives most trouble is

the posterior palatine artery, which is torn just at the last moment.

After this the packing is removed, the vessels tied, and some

strips of lint dipped in zinc chloride or iodoform are introduced

to support the cheek flap, and which are to be left in for two

or three days. Iodoform, or a solution of chloride of zinc, is the

most effective antiseptic to use in the first instance, and afterwards

continuous irrigation with some warm antiseptic

—

e.g., boracic acid.

The incision must be very neatly and carefully stitched up with

liorsc-hair sutures ; these may be used throughout, and will bo found
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very efficient, but when the lip is reached another plan may he
adopted— a hair lip needle passed deeply through the tissues of
tlie lip to act as a splint, or a deep silver suture may be used for
the same purpose. Before putting in the needle or silver wire, how-
ever, a silk suture should be passed through the mucous membrane,
but left untied ; after this horse-hair sutures are passed and tied to

hold the skin edges in apposition, then the silver one is tightened,
and, lastly, the silk suture through the mucous membrane is tied,

first removing all blood clots from between the edges of the mucous
membrane. In this way neat apposition of the cut edge is insuj-ed.

If the hair lip needle be used, its point must be cut off with the
wire nippers. Mr Bell advises that, in making the incision through
tlie skin, we should make plenty of corners and not rounded curves,
as the corners act as guides and enable us to stitch like parts to

like, whereas, in curves, it is often difficult to tell exactly the cor-

responding parts of the two sides.

Should it be necessary to remove the malar bone, then from the
end of the upper incision carry another cut, one inch in length,

along the zygoma (see Fig. 110, A). In this case also it will be
necessary to divide the zygomatic process, and the external orbital

angle of the frontal bone into the spheno-maxillary fissure by first

using a small saw, and then completing the division Avith the bone
forceps. It is better, if possible, however, to preserve the malar
bone, as this leaves the prominence of the cheek. In cases also of

simple tumour and sarcoma confined to the alveolar edge, leave the
orbital plate of the superior maxilla, as this gives support to the
eyeball ; where this plate is removed the eye falls down and is apt

to be destroyed by subsequent inflammation.

Chief Parts Cut Through.— 1. The skin and fascia; part of

the orbicularis palpebrarum, orbicularis oris, and temporal fascia
;

part of the masseter and temporal muscles, zygomatici, buccinator,

and other muscles of Expression ; the lachrymal sac or nasal duct,

levator labii superioris et alae nasi, compressor naris, depressor alw

nasi, orbicularis oris, inferior oblique of eye, and tendo-oculi ; and •

the mucous membrane of the lip. 2. Nerves—Chiefly branches of

facial and branches of second division of the fifth that appear on

the face, as well as the infra-trochlear, and in the end the trunkof
the second division of the fifth itself in front of Mkckel's ganglion.
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."). The various bony points dready mentioned. In tearing the bono

from its posterior attachments, the vertical phite of the palate bone,

pterygoid fossa, and internal pterygoid muscle, are usually torn away

as well. 4. Arteries—(«) Branches of the temporal—(1) Orbital
;

(2) middle temporal; and (3) transverse facial. (&) Facial near the

angle of the jaAV and several of its branches—(1) Superior coronary

;

(2) lateral nasal; and (3) angular, (c) Termination of the internal

maxillary artery, probably, and certainly many of its branches

—

(1) The buccal: (2) posterior dental; (3) infra-orbital; (4) descending

palatine; and (5) spheno-palatine. 5. Corresponding veins.

f t

RESUME of this operation :

—

1. Extract a central incisor tooth.

2. Alake the incision through the soft parts.

3. Secure all bleeding points.

4. Raise the flap upwards and outwards, and again secure

bleeding points.

5. Separate the soft from the hard palate by a transverse

incision; don't bother about the soft covering of the

hard palate.

G. Xotch the palate process deeply with the saw, and then

do the same to the jnalar junction.

7. AVith a large bone forceps complete the division of the

malar attachment, entirely divide the nasal, and com-

plete the division of the palate process, at the same

time giving the bone a prise outwards, iising the bone

forceps as a lever.

8. With the lion forceps wrench tlic bone suddenly and

forcibly downwards and outwards.

9. Quickly plug the gap thus made to control haemorrhage.

10. Lastly, carefully stitch np tlie external wound and lip.

THE LOWER JAW (One-half).

Tlie same principles must guide as in the last operation. If the

tumour be a simple one, then keep close to it during the operation;

but if, on the other hand, it is malignant, cut wide of it. The

instruments required are the same as in the i)rcvious operation;

in ca.ses where a ])art only' of the bono is reniQVod, a match, or
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some similar piece of wood, partially sharpened, should always be

at hand to plug the foramen in the hone, where the inferior dental

artery lies, in order to stop the bleeding. Tlie Surgeon stands

on the right side. (1) Place the patient in a recumbent position,

with the shoulders sliglitly raised; shave the part if necessary^

extract an incisor tooth, fix the point of the tongue, and mal^e

the incision (Fig. Ill, h). The usual directions are to begin

the incision above and immediately behind the articulation of

the lower jaw, but in front of the temporal and external carotid

arteries, and carry it deeply doAvu to the bone along the ascend-

ing ramus of the jaw, and then forwards mvler the horizontal

ramus, so that the resulting scar may be-liidden, till opposite

the point wliore the bone is to be divided, and then carry it

upwards towards, but do not divide the lip. TIic lip, however,

may be divided if Jiecessary, as it really does not matter since

it unites readily enough, and the saving of it might embari-ass

the operator. An important point is to endeavour to have every-

thing sei^arated from the jaw on the outer side and belo\v, and thf

1)0 lie divided before opening through the mucous membrane into

the mouth; this will help greatly to prevent blood passing into the

trachea. For tlie same reason it is probably better not to draw a

tootli as the first step of the operation. In the case of a simple

tumour of limited extent; or in the case of a female, an attempt

may be made to do the whole operation by an incision under the

jaw. Secure the facial artery, before or as soon as divided, by a

catch forceps (Wklls's), and at once tie it. (2) Dissect tliis flap

upwards and inwards to expose the bone, and clear the inner side

of the jaw from contiguous structures, using a narrow bistoury,

and keeping its edge close to tlie bone. (3) Saw through the ja^v

partially, close to the symphysis, and complete the division Avitli

the bone pliers. (4) Depress the divided ramus with the left

hand or lion forceps, tdl the insertion of the temporal muscle into

the coronoid process is seen, and then divide it at its insertion.

If this be impossible then snip off the coronoid process in the.

meantime, and remove it afterwards if necessary. (5) Turn th(i

jaw horizontally outwards, still depressing it, to make the external

ligaments of the joint tense, and open the joint //•o?;( the front, aijd

keep the edge of the knife close to the bono to a^•oid Avoundiug thr
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internal maxillary artery. In depressing the j\w it must not be

rotated, lest the artery in this way he stretched round the neck of

the hone and be torn or diAdded. (6) Divide the insertions of the

internal and the external pterygoids; evert the bone, and carefully

separate all the soft parts from its inner surface, taking care not

to injure the submaxillary gland or lingual nerve, and remove it.

Secure the bleeding points and close the incision, and drain from

the lower and posterior angle.

jSTote.—In making the incision it is better not to carry it too

far up behind the ascending ramus (if the jaw can be disarticulated

without doing so) lest the trunk of the facial nerve be severed,

and the various facial muscles be therefore paralysed (the portio

dura

—

facial—being the motor nerve of the face), but only curve

it slightly over the angle of the jaw, and dissect up heneatU

this flap very close to the bone. If, however, the nerve must be

divided, its main branches should be sutured afterwards with fine

catgut. In closing the wound it is better to stitch the two edges

of the divided mucous membrane together in order to shut tlic

wound -off from the cavity of tlie mouth; but if this cannot bo

done then a drainage tube must be passed through into the mouth.

The wound and lip (if divided) must be sutured in the same way, and

the after-treatment conducted on the same principles as in excision

of tlie upper jaw—continuous irrigation with warm antiseptic fluid.

In the case of simple tumours, whenever possible, the alveolus should

be divided and the lower border of the jaw preserved.

Chief Structures Divided.— (1) Superficial structures, fascia,

and platysma. (2) Muscles— viz., the luasseter, platysma, part

of buccinator, insertion of digastric (anterior belly), genio-hyoid,

genio-hyo-glossus of the side excised (if the incision be tlirough

the symphysis), mylo-hyoid, a few fibres of the superior constrictor

of the pharynx, internal and external pterygoids, depressor labii

inferioris, temporal, levator menti, and orbicularis oris. (3) Pj'o-

bably a part of parotid gland. (4) The stylo-maxillary ligament.

(5) Nerves—viz., inferior dental, small twigs of the facial, part of

the auriculo-temporal, mylo-hyoid, and masseteric. Care must bo

taken to preserve the conjoined chorda tympani and lingual from

injury. They lie on the internal pterygoid, and are covered by
the external pterygoid ; tlio chorda being the nerve of taste to the
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aiitciior Uro-tliirds of the tongue, while the lingual is the uerve
of common sensation to the same part. (6) Arteries—viz., inferior

dental, facial and its submental branch, inferior coronary, inferior

labial, mental and masseteric, and other small muscular branches.
The internal maxillary may be cut, or even the external carotid

near the point where it divides into the temporal and internar
maxillary, if the operator be not sufficiently careful.

The care necessary in disarticulating the jaw will at once be
evident Avhen one remembers tlie close relation of various important
structures to it—such as the internal maxillary artery, temporo-
niaxillary vein, auriculo-temporal nerve with the middle meningeal
artery between its two heads of origin, and the chorda tympani
close to the Glaserian fissure, and the other branches of the

third division of the iifth. Avoid also the facial nerve as far as

possible, the external carotid artery, and the lingual nerve.

The excision of the centred part of the lower jaw is always
a dangerous operation. There is the risk of suffocation, from the

retraction of the hyoid bono and tongue, when the attachments

of the mylo-hyoid, genio-hyoid, and genio-hyo-glossi muscles are^

divided from the bone. To prevent this as far as possible, the .

tongue must be fixed by a strong ligature passed through its tip,

and held well out by an assistant. For the same reason it is

better in excision of one side of the lower jaw not to cut

through the symphysis exactly, but a little external to it, so as

to leave the insertions of the genio-hyoid and the genio-liyo-glossus

muscles.

RESUME of this operation :—

1. Extract a central incisor tooth.

2. Make the skin incision : do not go too far up lest the

facial nerve be unnecessarily divided, or too far back

lest the external carotid artery and temporo-facial vein

be divided; secure the facial artery before it is divided

by a double ligature, also secure its submental branch.

3. Kapidly dissect up the flap and expose the outer surface

of the bone, and secure bleeding points.

4. Clear the inner surface of the bone as far as possible,

and tlien
^
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5. Divide it by saw and bone forceps a little to one side

of the symphysis.

6. Depress the divided ramus, and divide the attachment

of the temporal muscle into the coronoid process

—

" the hey of the oijeration."

7. Open the joint from the front, taking care of the internal

maxillary artery and vein and their junction with the

temporal vessels ; also the auriculo-temporal nerve and
the middle meningeal artery.

8. Complete the disarticulation by depressing the jaw and
at the same time carr_ying it horizontally outwards :

secure all bleeding vessels and stitch up the external

wound, if possible suturing the edges of the mucous
membrane together to shut out the saliva.

THE OS GALOIS.

In excising this bone avoid making any incision in the sole.

Eor this purpose the best form of incision to use is the following:

—

The pa:tient is laid on his face, and a horse-shoe-shaped incision

is carried from a point a little in front of the calcaneo-cuboid

articulation round the heel and along the side of the foot to a

corresponding point on the opposite side. The flap thus outlined

is then dissected down over the prominence of the os calcis,

keeping the edge of the knife close to the bone, exposing the

whole of its under surface. Then a perpendicular incision is

made, about two inches long, behind the heel and through the
tendo achillis, opening into the former incision; the tendon is

then divided, and the flaps dissected up, and the knife passed
between the os calcis and the astragalus, and the strong inter-

osseous ligament divided ; and lastly, its attachment to the cuboid
is divided and the bone removed. Great care is necessary in

clearing the inner side of the os calcis from the large number of

vessels, nerves, and tendons at that side.

Structures Divided.—(1) The skin, superficial and deep fascia,

and cutaneous vessels and nerves. (2) Muscles—the tendo achillis,

extensor brevis digitorum, abductor minimi digiti, flexor brevis

digitorum, plantaris, accessorius, abductor hallucis, and the pro-

longation of tibialis posticus to the lesser process of the os calcis

;
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some also divide tlie peroueus longus and brevis. (3) Arteries

—

chiefly malleolar and calcanean twigs. (4) Ligaments—the superior

calcaneo-cuboid, the internal calcaneo-cuboid, the superior calcaneo-

scaphoid, the external calcaneo-astragaloid, the middle fasciculus of

the external lateral ligament of the ankle joint, the posterior calcaneo-

astragaloid, part of the deltoid ligament, inferior calcaneo-scaphoid,"

the long and short calcaneo-cuboid ligaments, and lastly, the strong

interosseous ligament.

THE ASTRAGALUS.

This bone may be excised by an external incision, similar to

that used in excision of the ankle joint, .with, if necessary, a

sliort straight incision over the internal malleolus, sufficient to

allow division of the internal lateral ligament. Some divide the

pefoneus brevis and tertius, but it is better not to do so. The
steps of the operation resemble closely those of excision of the

ankle joint. It is important to clear the bone on all sides before

separating the structures on the posterior edge—the flexor longus

hallucis tendon, posterior tibial vessels, and posterior tibial nerve.

The various Ligaments connecting the bone Avith its fellows-

must be divided as they present themselves :-—To the bones of

the leg, OS calcis, and scaphoid—(1) to the hones of the leg—the

anterior ligament, posterior ligament, and the lateral ligaments

of the ankle joint (the middle fasciculus of the external lateral

may be saved); (2) with the scaphoid—one, the superior astragalo-

scaphoid; and (3) with the as calcis—the strong interosseous, and

external and posterior calcaneo-astragaloid.

THE CLAVICLE.

The more important Relations of this bone are—In Front

—

The skin, superficial fascia, platysma, and descending branches

of the supra-clavicular nerves—the sternal, clavicular, and acromial,

from the third and fourth cervical,—the deep fascia, and communi-

cation from the cephalic to the external jugular vein. Behind

—

(1) Vessels—Subclavian vein, internal jugular vein, and probably

the junction of these two to form the innominate vein; external

>

jugular vein, internal mammary artery, and supra-scapular artery

and vein ; the subclavian artery, common carotid artery, and partly
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the innominate artery. (2) Nerves— the vagus, lohrenic, the great

cords going to form the brachial plexus, the nerve of Bell, nerve

to the subclavius, and cardiac nerves. (3) Muscles—sterno-hyoid,

sterno-thyroid, omo-hyoid, scalenus anticus (4) apex of the pleura

and lung; (5) thoracic duct; (6) trachea; and (7) the oesophagus.

The last two are not exactly behind, but they are not far from the

inner end. In excising this bone, an important point is to secure

free access. After the bone is exposed, one of three courses may
be pursued—(1) to disarticulate at the sternal end, and gradually

turn the bone outwards
; (2) disarticulate at the acromial end, and

turn the bone inwards; or (3) divide the bone with chisel and

mallet at some convenient part of its length, if possible so that

the outer fragment is the longer, as that end is the most difficult

and dangerous to deal with, and remove it in two parts. I have

only seen this operation performed once—for malignant disease of

the bone; on this occasion Professor Chiene was the operator. He
exposed the clavicle by a free crucial incision, but, according to his

custom, Hiade in such a way that the four angles do not all meet
at one point. The flaps were then raised, and the bone divided

about one inch from its sternal end. Round the inner end of the

outer and larger fragment, a strip of bandage was tied, by which
the clavicle was gradually raised, as it was freed from its surround-

ings. The difficult part of the operation was the division of tlie

coraco-clavicular ligament ; this he divided by a probe-pointed

bistoury, after which the removal of the bone was an easy matter.

The inner end was then freed from its attachments, the joint

opened, and the bone removed by division of the strong costo-

clavicular, or rhomboid ligament. The only vessel of any size

cut during the operation was the supra-scapular artery; twigs of
the superior thoracic and acromio-thoracic would probably also

be divided. In this operation great care is necessary lest any
of the large veins be cut ; the great risk of this accident would
be the entrance of air, and probably fatal syncope on account
of the aspirating power of the thorax. The care requisite is all

the greater, since the veins are most anterior. The wound is

then closed, and drainage secured from tlie outer angle; this is

the deepest part of the wound, and at the bottom lies the tliird

part of the subclavian artery. One must tliereforc be careful to
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avoid pressure on the end of the tube, lest the other end ulcerate

into the vessel. The arm must be bound firmly to the side during

the after treatment, pretty much in the same way as Ls done in

fracture of the clavicle.

The structures Divided.—(1) Skin, superficial fascia, platysma,

sternal, clavicular, and acromial twigs of supra-clavicular nerve,

twigs of acromio-thoracic artery, communication from cephalic vein

to external jugular, and deep fascia. (2) Muscles—pectoralis major,

deltoid, clavicular head of sterno-mastoid, part of the sterno-hyoid,

trapezius, and subclavius. (3) Ligaments—of the sterno-clavicular

articulation, including the rhomboid; of the acromio-clavicular

articulation, including the conoid and trapezoid. In this case also

the supra-scapular artery, on account of the position and nature of

the tumour.

In injuries to the clavicle the veins behind it are very apt

to suffer as they are most anterior, but the dense costo-coracoid

membrane and the subclavius muscle in most cases protect them

from all harm. Tlie descending branches of the third and fourth^

cervical nerves passing over the bone are important, as they may
be implicated in bruises or fractures of the clavicle, or be the seat

of reflected pains in disease of tlae upper cervical vertebrai.

THE SCAPULA.

This may be removed by a crucial or H-shaped incision. By
the —i-incision, an incision is made from the acromial end of tlie

clavicle downwards along the axillary border of the scapula to its.

inferior angle ; from the middle and upper third of this incision

another is made at right angles, extending to tlie posterior border

of the bone near the root of the spine. The patient is placed in

a semi-prone position, and an assistant commands the subclavian

artery by digital conipression or a padded Ivcy. The flaps are

then dissected up, and the acromio-clavicular joint opened. The

supra-scapular artery is next found (by feeling for the notch in

the upper border of the bone and the transverse ligament, over
_

which the vessel passes) and secured ; then the posterior scapular

is looked for under the levator anguli scapulae, and also secured.

The attachments of the posterior border are tlien divided and the

bone drawn backwards and outwards ; then tlie muscles attached



Surgical, Medical, and Operative. 517

to the coracoid j)rocess are divided, is^cxt the shoulder joint may
"be opened by dividing the subscapularis tendon and the other

tendons surrounding the neck of the hone. In doing so avoid

the trunk of the subscapular artery and the- posterior circumflex.

Structures Divided.—(1) Skin, superficial fascia, branches of

dorsal nerves, and deep fascia. (2) Muscles—the supra-spinatus,

infra-spinatus, teres major, teres minor, deltoid, trapezius sub-

scapularis, serratus magaus, the rhomboids—major and minor,

levator anguli scapulae, omo-hyoid, long head of triceps, pectoralis

minor, coraco-brachialis, short head of biceps, long head of biceps,

and, in some cases, the latissimus dorsi. (3) Arteries—the supra-

scapular, posterior scapular, the acromial branch of thoracic axis,

dorsalis scapulas, and termination of subscapular. (4) Ligaments
—of the shoulder joint, of the acromio-clavicular joint, also the

conoid and trapezoid ligaments.
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CHAPTEE XXYJl.

THE EYE.

THE ORBIT.

The Ccavity of tlie orbit resembles a four-sided pyramid, tbe antero-

posterior iliaineter of which is slightlj"- greater than either the

vertical or transverse. Its apex is formed by the optic foramen;

th&»base is sunwinded by the frontal, malar, and superior maxillary

bones. The roof is formed by the frontal bone and lesser wing

of the sphenoid; the roof is very thin, and sharp-pointed bodies

may easily pass through it accidentally, or be forced througli with

.

homicidal intent, and injure the brain. The floor is formed by

tlie orbital plate of tbe superior maxilla, the malar bone, and

the orbital surface of the palate bone. On the inner wall we find

the nasal process of the superior maxilla, the lachi^mal bone, the

OS planum of the ethmoid, and the body of the sphenoid. The

outer wall is formed by the malar bone and the great wing of

the sphenoid. The openings into the orbit are nine in number:

—

(1) The optic foramen, wliich transmits the optic nerve and the

ophthalmic artery; (2) sphenoidal fissure (for structures passing

through, see after); (3) spheno-maxillary fissure, which transmits"

the superior maxillary nerve with its orbital branch, the infra-

orbital artery, and the ascending branches from INIeckel's ganglion.

This fissure oj^ens a communication between three fossiii and the

orbital cavity-—the temporal, zygomatic, and spheno-maxillary. It

will therefore be readily understood how malignant growths can

so easily and rapidly spread in both directions

—

e.g., the rapidly

growing forms of sarcomata, which are the tumours most frequently

met with in this situation. (4) Supra-orbital foramen, for supra-

orbital vessels and nerves; (5) infra-orbital canal, for infra-orbital^

ves.sel8 and nerve; (6) anterior etlinioidal foramen, for nasal nerve
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and anterior etlimoidal A'essels; (7) posterior ethmoidal foramen,

for posterior ethmoidal vessels; (8) malar foramina, for temporal

and malar branches of orbital nerve; and (9) the lachrymal groove,

for lachrymal sac and nasal duct.

Cavernous Sinus and Sphenoidal Fissure ( foramen lacerum

anterms).—The cavernous sinuses are situated at the sides of the

body of the sphenoid bone, and are so named from their present-

ing a reticulated or cavernous structure. Each sinus begins at the

sphenoidal fissure, receiving the ophthalmic vein, and ends at the

apex of the jjetrous portion of the temporal bone by dividing into

the superior and inferior petrosals; they are connected by means of

the circular sinus, and sometimes also by the transverse sinus. On
the inner wall of each sinus is found the internal carotid artery.

Fig. 112.

Right Cavernous Sinus.

.Third Nervo.

Fouvth Nervo.

.First Division of
Fifth Nerve.

•Venoiis Channel.

surrounded by the carotid plexus, and with the sixth nerve to its

outer side. On the outer wall are the third, fourth, and first

division of the fifth nerve, in that order from above downwards
(Fig. 112). Through the centre of this sinus the blood flows in

an irregular channel lined by endothelium. Pressure on the sinus

will be indicated by venous engorgement of the eyeball and orbital

cavity, and paralysis of some of the ocular nerves, especially the

third and fourth. The pressure may be produced by anything that

causes enlargement of the tip of the tempore -sphenoidal lobe of

the cerebrum, as a gumma or an abscess ; also by aneurism of

the internal carotid in the sinus. In the sphenoidal fissure the

position of parts is considerably altered— ( 1
) The fourth nerve

to the inner side; (2) the frontal branch of the fifth; and (3) the

lachrymal branch of the -fifth. These three nerves are above all

sixth Nerve

Internal Carotid
Artery
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tlie muscles, and lie uearly on one level, just under the periosteum,
the fourth being to the inner side. Then comes (4) the upper
division of the third nerve; (5) the nasal branch of the fifth;

(6) the lower division, of the tliird nerve; (7) the sixth nerve;
aud lastly, and most internal of all, (8) the oplithalmic vein. The
various nerves may be pressed upon by growths, involving this

fissure, and also by syphilitic or rlieumatic periostitis.

Note.—The structures named from 4 to 8 inclusive are all found
between the two heads of the external rectus (Fig. 113).

Poiu'tli Norvc,

Frontal of Fifth

Lachrymal of Fifth

Superior Division of
Thu-d

Nasal of Fifth
Stmctures between
the Two Heads of
Exteraal Rectus.

Inferior Uivision of-

Third.

Fig. 113.

Right Sphenoidal Fissure.

Si.xth Nerve

Foui-th Nerve.

Fifth Ncrvo.

Third Nerve.

Sixth Nerve.

-Ophthalmic Vein.

THE EYELIDS.

The eyelids are opened by the levator palpebra;, supplied by the

third nerve, and shut by the contraction of the orbiciJaris oculi,

supplied by the facial nerve. Structure—(1) The slun, (2) the

.orbicularis muscle, (3) loose connective tissue, (4) tendon of levator

palpebrae (in the upper lid only), (.5) the tarsal cartilage, into the

anterior and lower part of M'hich the lc^'ator palpcbrre is inserted';'^
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(6) palpebral ligament, (7) Meibomian glands, (8) conjunctiva, tbe

mucous membrane of the eye, which lines the inner surface of the

eyelids, and is reflected from them over the fore part of the sclerotic

and cornea (Fig. 114). In the palpebral part of the conjunctiva

there are many nodules of adenoid tissue, also mucous follicles

and papillae; in the condition known as granular lids, or Trachoma,

these structures are much hypertrophied, and cause great irritation

of the upper half of the ocular conjunctiva, leading directly to

Fig. 114.

The Eyelids.

Palpebral Ligamcn

Conjunctiva.

Meibomian Glands.

S Sclerotic.

Conioa.

5 . Levator
Palpebi-se

Muscle.

pannus, and, after cicatrisation, to inversion of the eyelashes and
entropion. The common tarsal cyst is a retention cyst developed

in one of the Meibomian glands, and should be removed from
the inside, by everting the lid, cutting through the conjunctiva, •

and shelling it out. A dermoid cyst is often met with at the

upper and outer angle of "the orbit, under the orbicularis muscle;
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it is very tliin walled, and contains epithelial cells and fine hairs.
It is attached to the periosteum, and very often causes a depression
in the bone as well, but the superficial structures move freely over
it. The wall of the sac is usually very thin, and a very careful
and tedious dissection is required to remove it; occasionally, it is

connected with the dura mater. These cysts are developed in the
situation of the inner end of the embryonic fronto-orbital fissure,

dermoids are also met with occasionally at the inner and loM-er

angle of the orbit, in the situation of the upper end of the
embryonic naso - maxillary fissure; the nasal duct represents a
persistent portion of the same cleft or fissure. One must be very
careful not to confound a meningocele, in this situation, with a
dermoid cyst.

The Eyeball (Fig. 115).—The eyeball consists of three coats and
the refracting media. The outer COat is formed by the sclerotic

and cornea, (a) The sclerotic forms five-sixths of the circumference
of the globe, and is composed of strong fibrous tissue, being thicker

behind than in front ; its weakest part is about a quarter-of-an-

inch behind the cornea. (&) The cornea forms the anterior sixth

of the circumference of the globe, forming a small projection in

front, being tlie segment of a smaller sphere than the sclerotic. It

consists of five layers— (1) Anterior epithelium— squamous and
stratified, (2) anterior elastic lamina of Eowman, (3) the corneal

tissue proper, (4) posterior elastic lamina of Descejiet or Demodrs,
and (5) the posterior epithelium—a single layer of squamous cells.

The corneal tissue is continuous with the sclerotic, but the opaque
sclerotic overlaps the cornea very much in the same way as a

Avatch -glass is overlapped by the edge of the groove that receives it.

.

It is important to remember this in making incisions about the

cornco-sclerotic junction.

The middle coat consists of the choroid, ciliary body, and iris,

(rt) The Choroid is the vascular and pigmented coat of the eyeball,

and is often the seat of melanotic sarcoma. It consists of—(1) The
lamina supra-choroidea and the lamina fusca, which connect it with

tlie sclerotic, and between which is found a lymph space. (2) The
venaj vorticosa?, which end in tlie ophthalmic vein and return tlic

blood from the globe; in cases of increased intra-ocular tension,

as in glaucoma, pressui'e on these veins is indicated by the dilated""
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and enlarged veins observed on the surface of the sclerotic. (3) A
closely-set capillary plexus, formed by the short ciliary vessels,

known as the tunica Ensychiana. (4) The lamina vitrea, and

(5) the layer of hexagonal pigment cells, which may be regarded as

belonging either to this coat or, more properly, to the retina. The

choroid is the nutritive tunic of the eyeball, having an especial

Fig. 115.

Antero-Posterior Section of Eyeball.

(From Cray's "Anatomy.")

relation to the vitreous humour. Disease of the choroid may be

primary, that is, beginning in the choroid (choruiditis), or secondary

to iritis, the mischief spreading backwards and involving the choroid

(irido-cUoroiclitis). There are two clinical signs that point very

strongly to choroidal disease, the first is diminished tension of the

globe, and the second is the presence of floating opacities in the

vitreous, {h) The Ciliary J)ocly consists of the ciliary processes and
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the ciliary muscle—the muscle of accoiumodation ; it arises froiu
the posterior surface of the cornea and sclerotic junction close to
the canal of Schlemm and the spaces of Eontana, and is inserted
into the choroid, opposite the ciliary processes. The vascular supply,
like that of the choroid, is derived from the short ciliary arteries,

(c) The iris—this, is also a muscular structure, and forms a self-

'

acting diaphragm, excluding or admitting light as required, like

the diaphragm of a microscope, becoming narrower during active

accommodation (equal to Idgh power of microscope) and widening
during passive accommodation (low jMioerJ. It consists of the
following structures :—(1) In front, a layer of epithelial cells, con-
tinuous with those on the posterior surface of. the cornea. (2) A
stroma, formed of cells and connective tissue bundles arranged in
a radiating manner towards the pupil, and Avliich gives the iris a
striated, fibrous look; when the iris is inflamed this fibrous look is

lost, and the iris seems smooth and dull in appearance. (3) jS^on-

stripcd muscular fibres arranged in a circular and radiating manner;
the circular fibres form the spldncter pupUhi and surround the
margin of the pupil, the radiating form the dilutor pupilke. (4) The

'

posterior surface is covered with pigment of a deep purple tint, .

known as the tivea. The vascular supply of the iris is derived,

for the most part,, from the two long ciliary arteries which form
the greater and the lesser arterial circles of the iris; it also receives

blood from the anterior ciliary arteries, which are derived from the
muscular branches, and which join the great arterial circle. The
iiis is very vascular, almost resembling erectile tissue, and it often

affords important information as to the state of the cerebral circu-

lation
;
thus, when the brain is anfemic, as in typhoid fever, the'

pupil is dilated, but when the brain is engorged, as in typhus fever,

the pupil is contracted. For the same reason it is also slightly

contracted in iritis. The circular fibres are supplied by the third

nerve, and the radiatiug by tlie sympathetic. In the foetus the
pupil is closed by a delicate vascular membrane, which thus divides

the chamber of the aqueous into two separate compartments—the

membrana inipillaris; it begins to disappear about the seventh

month, and has usually quite disappeared, vessels and all, before

birth. Occasionally traces of it remain after birth, and occasionally

it is permanent, causing blindness. In some animals it remains'



Stirgical, Medical, and Operative. 525

apparent for a few days after birth, such being said, in popular

parlance, to be born blind, but to compensate for this few days'

blindness, it. is said tliey see in the dark ever afterwards. Its

remains in the human eye are apt to be mistaken for old iritic

adhesions; they form thin shreds of the same colour as the iris,

and are attached to its anterior surface close to its pupillary border.

They are longer and more slender than posterior synechiaj, and are

not attached to the lens capsule. The entire membrane is the

anterior portion of the capsulo-pupillanj membrane, which at one

tinie forms a complete fibro - vascular covering of the lens; the

capsulo-pupillary membrane is developed from the enclosed meso-

blast, and is supplied by a branch of the central artery of the

retina, which passes forward in the axis of the globe in a canal in

the vitreous humour (Canal of Stilling), and breaks up at the

back of the lens into a brush of capillaries.

At its circumference the iris is connected to the cornea by the

ligamentum pedinatum iridis, which is derived from the posterior

elastic lamina of that tunic. Passing through this ligament are

a number of cavernous spaces, known as the sj^aces of Fontana
;

these communicate with the canal of Schlemm, a sinus tunnelling

the choroid near its corneal junction. This sinus is either a vein

or a lymph canal, having a very intimate relation with the veins

of the globe, and in this way, therefore, the aqueous humour is

brought into very direct relation with the venous system. The

pupillary margin of the iris is free, and floats in the aqueous

humour ; in cases, therefore, of penetrating wounds of the cornea,

the iris is apt to prolapse, being carried out Avith the gush of the

aqueous fluid. This is an exceedingly troublesome and serious

complication, and unless reduced, may give rise later to recurrent

attacks of iritis, or even to sympathetic ophthalmia, from the

irritation caused by the adhesion of the iris to the corneal cicatrix.

Sometimes prolapse occurs in the case of wounds, made by the

Surgeon, in the ciliary region for the purpose of removing an

opaque lens (cataract); to avoid this as far as possible, a small

bit of the iris is removed opposite the Avound, but, even Avith

this, one must be careful to see that no part of the iris is included

in the Avound, as this Avill delay healing very much. The iris is a

muscular structure, and, tlrcrefore, may be made to contract or dilate



526 Applied Anatomy:

like other muscles; this fact is made use of in corneal wounds to

prevent prolapse : for example, in wounds situated near the circum-

ference of the cornea, whether the result of accident or made by
the Surgeon, a solution of Calabar bean (eserine) is dropped into

the eye, since this causes contraction of the iris, and will, therefore,

draw it away from the wound; whereas in wounds near the centre

of the cornea, a solution of atropine is used to dilate the pupil, and
tlius again carry the iris away from the wound.

The inner coat consists of the retina, which is formed by the

expansion of the optic nerve, and is the seeing part of tlie eye.

It is thickest behind, and becomes gradually thinner as it passes

forwards ; it ends by a jagged margin, the ova serrata, just behind

the ciliary body. From within outwards it consists of the followmg

layers :—(1) Internal hmiting membrane, next the vitreous humour;

(2) layer of nerve fibres; (3) layer of nerve cells; (4) inner mole-

cular layer; (5) inner nuclear layer; (6) outer molecular layer;

(7) outer nuclear layer; (8) external limiting membrane; (9) layer

of rods and cones; and (10) layer of hexagonal pigment cells. At
the yellow spot, however, the structure is a little different—the layer

of nerve fibres is absent, but the layer of nerve cells consists of

several strata; the rods are few, and absent altogether in its centre,

but the cones are many and large. AH the other layers are thinner,

and there are scarcely any blood-vessels, only a few capillaries.

When looked at, by the aid of the oi^tlialmoscope, the following

parts may be recognised :—(1) The optic disc or Mind sjiot, one-

tenth of an inch to the inner side of the axis of the eye; (2) the

macida lutea or yellotc spot, as nearly as possible in the axis of the

eyeball : in its centre is a slight depression—the fovea centraUs

;

(3) the arteria centraUs retina', which enters tlirough the optic

disc and divides into four or five branches, which jiass over the

retina in various directions, but seem to avoid the macula lutea

;

and (4) sometimes the vessels of the choroid may be seen.

The fundus itself is bright ferrety red, the depth of the colour

depending on the complexion of the individual ; this red appear-

ance does not come from the retina—which is invisible except

under rare conditions—but from the choroid. "When the lens is

opaque, as in cataract, this redness is obscured more or less, and

when it cannot be seen at all the cataract is said to be "ripe."N
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The optic disc is of a lighter pink than the rest of the fundus,

and is circular or slightly oval, and very markedly so, shoidd the

patient be astigmatic ; the centre of the disc is still paler, and into

this the greater number of the blood-vessels dip. This central

white spot represents a hollow cup—the physiological cup— left

by the optic nerve fibres as tliey radiate from the centre of the

disc towards the periphery. Compare this with the large, deep

patliological cup seen in glaucoma ; in health the cup does not

extend to the edge of the disc, whereas in glaucoma it does, and is

also very deep. In atrophy of the optic nerve, the cup though

wide is very shallow. In health the edge of tlie optic disc is

sharply defined, and it is often siuTounded by a white ring—the

scleral ring—which corresponds to the edge of the sclerotic. In
cases of myopia a greyish white crescentic patch is often seen on
the apparent inner side of the optic disc, in indirect examination

{i.e., next the yellow spot). This is known as the ^'myopic

crescent," and is due to atrophy of the choroid ; it is also known
as a "p)Osterio7- stcq^hylovia." In some cases the lamina cribrosa

may be distingiiished like a number of dots at the bottom of the

physiological cup. The veins of the retina are easily distinguished

from the arteries by their larger size, deeper colour, and single

outline; the arteries have a double outline and pursue a straighter

course. The visible retinal vessels are few in number, widely
spread, and are what are known as terminal vessels, as the arteries

do not anastomose with each other, while the choroidal vessels, if

seen, branch and anastomose freely, forming a closely set network

;

in embolism, therefore, of the retinal vessels, an infarct is produced.
In cases of glaucoma and aortic regurgitation one may sometimes
be able to see the vessels pulsating.

As the optic disc lies to the 7msal side of the posterior pole
of the eye, in the indirect method of ophthalmoscopic examination,
the cornea must be turned a little inwards, towards the patient's

nose, to bring the disc opposite the pupil ; in this movement, of

course, the back of the eye is carried outwards, and the patient
must be directed to turn his eye, not his head.

Advantage is taken of the red reflection of the fundus, but
especially of the pale disc, in examining for floating opacities in
the vitreous. The Surgeon sits about twelve to eighteen inches in
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front of the patient's eye, and directs him to move his eye sharply
and freely from side to side, and up and down, and then quickly
to fix it so that the disc will be opposite the pupil, when the
floating particles will be seen passing across the optic disc, like
figures in a magic lantern, as they continue to move tlirough the
vitreous from their inertia, after the eye has come to rest. In x

this way, too, they are distinguished from opacities in the cornea
and lens, or pigment spots on the fundus, which come at once to -

rest when the eye stops.

Anatomically, the Refracting Media of the eye are—(1) The
Cornea. (2) Tlie Aqueous Humour, which fills the space between
the cornea in front, and the lens with its suspensory ligament
behind

; this space is partially subdivided into two by the iris

tlie anterior and posterior chambers of anatomists. It should be
noted, however, that oculists call the whole cavity the anterior

chamber—their posterior chamber being the cavity containing the
vitreous humour. In infants, the anterior chamber is very shallow,

the lens being close behind the cornea; this probably explains

the occurrence of anterior polar ov pyramidal cataract, which is v

caused by a localised inflammation of the lens capsule and the
layers immediately below it, and is usually the result of ophthalmia

'

neonatorum, Avhich has probably caused a central perforating ulcer

of the cornea. (3) Tlie Lens with its Capsule, which are held in

position by the suspensory ligament. (4) Tfie Vitreous Humour
with its Hyaloid Membrane.

Physiologically, however, refraction only takes place at three

surfaces—the anterior surface of the cornea, the anterior surface
'

of the lens, and the posterior surface of the lens.

The eyeball lies in the orbital cavity, and is surrounded by
much finely granular fat, which forms a soft elastic packing for it.

Coursing through this fat are many arteries and veins, going to

and returning from the globe, and it occasionally happens that we
find here some one of the many forms of aneurism.

The conditions giving rise to "orbital aneurism" are very

numerous and of a most varied character, and extremely difficult

to diagnose with certainty; and sometimes, even at the post-

mortem, nothing abnormal is found to account for the symptoms
during life.
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Symptoms.—Pulsation, disijlacement of the eyeball, and some-

times loss of sight, from j^ressure optic neuritis ; in the arterio-

venous forms we have the usual thrill and bruits. Conditions

present in some cases— Cirsoid aneurism, aneurism by anastomoses,

arterio-veiious aneurism of the orbit, pulsatile dilatation of the

vessels of the orbit—as in exophthalmic goitre, communication

between the internal carotid artery and the cavernous sinus,

aneurism of the internal carotid, tumours pressing upon the

termination of the ophthalmic vein, thrombosis of the cavernous

sinus, dilatation of the carotid arterj^, aneurism of the ophthalmic

in the cranium, and occasionally true aneurism. As regards the

diagnosis—note (1) that ordinary aneurism and varicose aneurism,

tend to grow larger, so also would pulsating malignant tumours;

and (2) that aneurismal varix does not tend to increase in size.

Tlie arterio-venous varieties arc caused by woimds implicating

simultaneously an artery and vein ; the author lias seen two such

cases, one caused by a knitting-needle, the other by an umbrella

Avire. This fat in the orbit is often the seat of abscess, due either

to a primary septic cellulitis, or from disease of the neighbouring

bones, especially strumous caries of the lachrymal or ethmoid; in

this condition there may be no redness of the skin as the abscess

is so deep, but there is usually oedema of tlie lid. At the inner

angle of the orbit the facial and ophthalmic veins communicate,

and in cases of malignant facial carbuncle, the septic thrombosis

readily extends along the facial vein and through the ophthalmic

to the cavernous and other sinuses, speedily setting up a condition

of septic embolism and pyemia. In young people also, soft

rapidly growing sarcomatous tumours may start in the cellular

tissue round about and behind the globe, from an injury, as a

blow with a snoAvball. Ivory exostosis, and enostosis growing in

the frontal sinus, are also sometimes found in the inner wall of

the orbit, displacing the eyeball. Tumours of purely local origin,

pressing upon the optic nerve and displacing the eyeball, will cause

uni-lateral optic neuritis clioked disc"), followed by atrophy of

the nerve pressed upon ; in tumours of cevehtcd origin, the same
appearances are usually found in hotli eyes. Between the packing

of the cavity and the globe itself, however, we find a membranous
sac, which is known as the mpside of Tenon or the fimka raginalid

0 I
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ucuU.^ It is regarded as a distinct serous sac, with a parietal layer
covering the fatty tissue, and a visceral layer enclosing about three-
fourths of the entire globe, extending fi-om tlie base of the orbit to
the optic nerve, with the sheath of wliich it blends. Just as in the
case of the peritoneum, lymphatic vessels begin on the epithelial-

lined surface by stomata. The ocular muscles pierce this capsule,
as they pass to their insertion into the choroid ; in operations there-

fore for strabismus, this capsule must be opened before the tendon ~

is thoroughly exposed ; and since a serous cavity is thus opened, the
necessity for strict antiseptic precautions is very evident.

THE LACHRYMAL APPARATUS.
This consists of—(1) The lachrymal gland-and its ducts opening

around tlie outer 'canthus, especially on the ujiper lid; (2) jrancta .

lachryraalia, wliich are the openings into (3) tlie caualiculi, which
lead into (4) the laclirymal sac, from which (5) tlie nasal duct
descends to open into the inferior meatus of tlie nose (Fig. 116).

Puncta Lachrymalia and Canaliculi.—Tlie puncta are two
small apertures, situated one on the free mai'gin of each lid^

about one quarter of an inch from the inner canthus; they are

the openings of two small ducts—the canaliculi. Each canaliculus

'

takes a curved course inwards—the upper first passing upwards and
then curving downwards ; the lower first passing downwards and
iuAvards, and then cur^'ing upwards and inwards ; and therefore,

in introducing a probe, or in slitting open the canaliculus, the

lid should be drawn outwards, to make it as straight as possible.

The lower canaliculus is shorter, wider, and not so much arched-

as the upper, aud is the one usually opened, both because it is

easier, ami also because it carries off most of the fluid. In doing
this the edge of the knife is dii-ected inwards, and passed first a

little doA7nwards and a little inwards, aud then inwards and very

slightly upwards, till it touches the lachrymal bone.

Lachrymal Sac.—If from any cause this sac requires to be

opened {e.g., when suppuration has occurred in it), it should be

opened from the outer side, because the angular artery (the.

termination of the facial) and tlie large angular vein are on its

inner or nasal side. The sac is placed in the inner angle of the

orbit, and crossed in front by tlie teudo-ocuU aud some of the
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inner fibres of the orbicularis muscle, a little above its middle:

while on its orbital surface is the tensor tarsi muscle. If the

finger be placed on the inner edge of the orbit, this little tendon

will be felt to tighten every time the eye is closed, and still more

so if the eyelid be di-awn outwards. In- this way the tendon

serves a most important purpose in helping to drain away the

tears, as its pressure empties the lachrymal sac, and then, when

it relaxes, the sac sucks up the tears through the canaliculi

—

resembling, in fact, an ordinary injection fringe. In opening

an abscess of the lachrymal sac, the knife must be entered just

below this tendon, and towards the outer side, to avoid the angular

vessels.

Fig. 116.

The Lachrymal Apparatus.

(From Gkay's " Aiiatomy.")

Nasal Duct.—This duct leads from the lachrymal sac to the

inferior meatus of the nose. The edges of the canal through

whicli it passes may be felt on one's own person, by pressing the

finger on the inner edge of the orbit on its lower aspect. To pass

a probe through it, it should be directed downwards, out\vards,

and a little back^vards (the direction of the duct). Obstruction

of this duct leads to di,stcn.sion, und consequently to irritation
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and disease of the laclnymal sac, and, unless properly treated,

inflammation and suppuration follow, Avhich may end in fistula

laclirymalis. It is also a cause of " Epiphora " or " Stillicidiuin

Lachrymarum," trickling of tears over the cheek, or "Watery I'^yc."

Each duct opens into the anterior part of the inferior meatus of

the nose, immediately below, and about a quarter of an incli

behind, the anterior end of the inferior turbinated bone, or an
^

inch behind the orifice of the nostril, and about three-quarters

of an inch above the floor of the nose
;
they are about haK-an-inch

long, and they are narrowest about tlie middle.

" Watery Eye."-—This condition may be due to excessive

secretion of fluid, when it is known as " Epqihora ;" or to some

obstruction preventing the proper drainage of a normal quantity

of Htud, and it is then called " StiUicidium Lachri/maniDi."

Causes of Watery Eye.— (1) Obstruction of the nasal duct from

chronic thickening of the mucous and submucous tissue, tumours

aiul polyi)i of the nasal cavities and antrum
; (2) from increased

secretion
; (-3) from obstruction of puncta or canaliculi, due to

chronic inflammation or warty growths; (i) in cases where tho^

jmncta are displaced, as in facial paralysis; (.5) suppuration of

the sac from acute inflammation, probably following chronic •

thickening of its lining membrane, with increased secretion of

mucus, forming a little tumour (mucocde or chronic dacnjo-

cyslitU), which is very apt to inflame and suppurate
; (6) chronic

conjunctivitis of the lower lid, causing increased thickness and

eversiou of the lid, leading to displacement of the punctum; and

(7) congenital narrowness of the puncta.

In chronic cases the usual treatment is to open the inferior

canaliculus. It is true, probes might be passed, and the opening'

gradually dilated, just as in ordinary stricture of the urethra

;

but this plan is exceedingly slow, painful, unnecessaiy, and not

satisfactory even when performed. The quickest and best waj'-

is to open the canaliculus, thus transforming it from a round pipe

into an open gutter. After twenty-four hours rest probes are

passed do^vn from the lachrymal sac into the nasal duct. Ivich

probe must be kept in for ten or fifteen minutes (one probe at

each sitting will usually be sutticient) and a larger size passed

every second or third day. Eeforc passing the probe, Dr Ahuyll^
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EoBERTSON curves it slightly, so that it may enter the. duct more

easily; he judges of the proper amount by placing the curved part

against the side of the patient's nose and eyebrow just over the

sac and duct, and when it lies level with the skin it is sufficiently

curved. It is then passed along the opened canaliculus till the

point comes into contact with the lachrymal bone, when the handle

is raised till it lies over the supra-orbital notch, and the probe is

then to be pushed in the direction above indicated— downwards,

backAvards, and a little outwards.

SURFACE VESSELS OF THE EYEBALL.

By this is meant vessels that can be seen, more or less distinctly,

with the naked eye in certain diseased conditions.

1. The Vessels Proper to the Conjunctiva.—These vessels are

usually known as the posterior conjunctival branches, and are

derived from the palpebral and lachrymal arteries. In health they

are too small to be well seen, but in simple conjunctivitis they

can be seen to perfection. They are of a bright brick-red colour,

superficial, moving with the conjunctiva when it is slid over the

globe, can be emptied for a time by gentle pressure, are tortuous,

forming open loops, largest at the circumference of the globe, and

growing smaller and less marked as they approach the edge of the

cornea.

2. The Vessels of the Iris.—These are chiefly derived from

—

(«) The two Long Ciliajy arteries which pierce the posterior part

of the sclerotic, and run forwards along each side of the eyeball,

between the sclerotic and the choroid to the ciliary ligament, where

they each divide into two branches and form the great arterial

circle of the iris, from which smaller branches pass to form the

lesser circle at the pupillary margin, (h) The Anterior Ciliary

arteries, which are derived from the muscular branches, and lie in

the mh-conjunctivul tissue, and divide into two sets of branches

—

(1) The perforating hranches, Avhich pierce the sclerotic about a line

from the edge of the cornea, supply the sclerotic and ciliary body,

and end in the great arterial circle of the iris; and (2) the ejn-scleral

non-perforating branches, which are too small to be seen in health,

but in L:ltis, and in some deep-seated inflammatory aflcctions of

the cornea, they form a zone (" circum corneal zone") about an



534 Applied Anatomy

:

eighth-of-an-incli wde surrounding the cornea, X'^nh in colour, and
consisting of closely packed, straight, and very fine radiating vessels.

This injection is sub-conjunctival, and the vessels do not therefore

move when the conjunctiva is slid over the globe, nor can they be
emptied or aifected in any way by pressure. Marked as these differ-

ences are between the injection of iritis and that of conjunctivitis,

yet iritis itself must not be diagnosed on these grounds alone, as^

otlier conditions produce the same injection. Besides the congestion

in iritis, there is the altered colour of the iris, and sluggish action

of the pupil to hght ; there is slight narroAving and irregularity of
the pupil, and the iris loses its fibrous look and becomes smooth,
dull, and muddy. There is deep-seated pain shooting up the side .

of the head, nose, and eyebrow, which is usually worst in the
early morning ; the pain is conveyed along the supra-orbital, the

supra-troclilear, the infra-troclilear, and the nasal branches of the
ophthalmic division of the fifth. There is further impairment of

vision, and often great watering of the eye, and photophobia from
irritation of the laclirymal nerve. In Conjunctivitis the pain is

smarting and superficial (lilce sand in the eye), the secretion

ratlier sticky than watery, and gums the lids together during the

night, and the vision is not impaired except for the moisture in •

front of the eye. It is very important to distinguish between
conjunctivitis and iritis, as the treatment is so difi'erent, and the

result of a mistalcen diagnosis might be serious for the patient.

3. The Veins corresponding to the anterior ciliary arteries

(the episcleral vemus plexus) are sometimes found to be engorged,

forming a scanty reticulated zone of dusky colour, with sometimes-

the lai'ger trunks standing out in a sharply defined manner on the

surface of the sclerotic. When this is the case it usually points to

the serious condition known as glaucoma—a condition characterised

by increased intra-ocular tension, the increased pressure obstructing

the venous return through the vorticose veins of the choroid.

4. In Sclerotitis (rheumatic ophthalmia) there is usually some
conjunctival and subconjunctival injection, but the characteristic

feature is the peculiar bluish or violet tint of the sclerotic itself, ,

due to the injection of numerous minute vessels in its substance.

This dusky pink injection is most marked at the edge of tlie

cornea and shades off as we pass backwards, but there is no visible
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anastomoses. There is also some thickening of the sclerotic from

inflammatory effusion. This condition is found in middle-aged

patients of a rheumatic constitution and is usually limited to a

small area close to the edge of the cornea ; in young adults it

is usually gonorrhoeal in nature, and resembles, as regards its

pathology, a similar condition attacking certain large joints, and

other fibrous tissues, such as the tunica albuginea of the testicle.

It is apt to involve the ciliary processes and iris ; when this

takes place there -will be deep-seated pain and injection, and great

sensitiveness of the eye to touch in the ciliary region, together with

slight irregularity of the pupil. When the condition passes off it

leaves the sclerotic thinned and of a bluish tint from deep-seated

pigmentation, and may even be a cause of anterior staphyloma.

The Cornea itself is non-vascular, but in interstitial keratitis,

where the cornea becomes like ground glass, a condition so frequently

associated with congenital syphilis, blood-vessels from the periphery

often penetrate into its substance at some little distance from the

surface. This gives rise to a patch of peculiar colour—the " salmon

patch" of Hutchinson; with a lens, the "patch" can be seen to

consist of a fine, straight, and closely packed plexus of vessels.

To confirm this, look for the signs of congenital syphilis, such

as—(1) The notched, pegged, and widely separated upper central

incisors
; (2) sunk bridge of the nose

; (3) hazy cornea from old

interstitial keratitis; (4) radiating scars at the angles of the mouth;

(5) prominent forehead; (6) the patient probably the eldest of the

family; and (7) the presence of choroiditis disseminata. Myopia is

a not uncommon result of interstitial keratitis; this is caused by

the projection forwards of the cornea, due to thinning of its layers

as a result of the inflammation, but is also partly the result of

increased intra-ocular tension.

Further, in the condition known as "pannus," there is a new

growth of very vascular tissue just beneath the corneal epithelium,

over part of the surface (usually the upper part) of the cornea.

The usual cause of pannus is granular lids (graimlar conjunctivitis

or trachoma) where the conjunctiva of tlie lids is studded with

minute elevations wliich constantly irritate the cornea. This con-

dition of the Uds is caused by exposure to heat and glare, and is

much more common in Palestine than in this country.
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MOVEMENTS OF THE EYEBALL.
There are, iu all, seven muscles acting on the globe—the four

recti, the superior and inferior obliques, and the levator palpebrie
superioris. Their nervous supply is as foUows-The external rectus
IS supplied by the sixtli nerve; the superior oblique by the fourth;
and all the rest by the tUrd or motor oculi—yiz., levator palpebra;
superioris, superior rectus, internal rectus, inferior rectus, and the
inferior oblique.

Movements.—(1) To raise the eyeball, the superior rectus and
inferior oblique act together; the superior rectus pulls upwards
and inwards, the inferior oblique pulls upwards and outwards, but
acting together the eye is raised directly upwards. (2) To depress
the eyeball the inferior rectus and superior oWique act together;
the inferior rectus displaces the ball downwards and inwards, the
superior oblique downwards and outwards, but acting together
the ball is displaced directly downwards. (3) The external rectus
abducts the eyeball, while (4) the internal rectus adducts it.

"Fire" in the Eye.—This is a condition of irritative con-
junctivitis, due usually to a foreign body sticking in the eye, or
else a recent abrasion produced by a foreign body, as bits of metal
spots of freshly slaked lime, etc. The usual history is, that it is
in a working man in good health ; the onset is sudden, and only
one eye is affected. First, gently separate the lids and examine
the exposed part of the globe with the unaided eye, and after-
wards, if necessary, with an ordinary pocket lens ; then make the
patient face a window and ask him to follow with his eye the
movements of your finger, while you watch the reflection of the
window on his cornea. Should there be an abrasion or foreign

"

body sticking in the cornea, the image of the Avindow will be
broken and irregular at the abraded part. Small foreign bodies
embedded in the cornea become surrounded by a hazy zone, and
are then easily detected; they are apt to adhere to the inner
surface of the lids, especially tlie upper, and the next thing
therefore to be done is to examine the inner surface of the
lids. By gently depressing the lower lid its inner surface Avill be
cxpo.=ied; but for the upper, the lid must be completely everted
over a probe or the handle of a pen. Lay the probe on the upper
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lid, direct the patient to look down, and then gently take hold

of the ciliary margin of the lid; press the probe downwards and
draw the lid forwards and then upwards, when the cartilage will

tilt over. In doubtful cases we must use oblique illumination by
the aid of a lamp in a dark roo?n, and a lens of about three inches

focal length, such as is used with the ophthalmoscope; by this

means we concentrate the light on the cornea, and any abrasion

or opacity will be readily seen. This may also be supplemented

by examining the illuminated cornea by the aid of a pocket lens.

An abrasion may be the starting point of spreading septic ulcer of

the cornea and of pus in the anterior chamber {liypopijon Iceratitis).

The treatment is to destroy the septic condition by antiseptic appli-

cations or the thermo-caiitery, when the pus readily disappears from

the anterior chamber, and the ulcer stops spreading.

Treatment.—In many cases the foreign body can be easily

removed, but when it is embedded in the cornea, drop a solution

of cocaine into the eye, and then use a small spud, and passing

it behind the foreign body, jerk it out; and afterwards, if there

be much ii-ritation, use a solution of cocaine or atropia. In the

case of quicklime, wash the eye with a weak solution of vinegar

(a teaspoonful to a cupful of water) and afterwards, to lessen the

friction, use a drop of castor oil every half-hour, or else a solution

of atropia or cocaine. In penetrating wounds of the cornea, the

aqueous humour escapes with a gush, and carries the iris with it

(prolapse) ; the iris sticks between the lips of the wound and
delays healing, and also, because the iris is a very sensitive

structure, gives rise to great pain and irritation. The first thing
to be done is to reduce the prolapsed iris if possible; for this

purpose close the eye and rub the lid gently against the globe,

and afterwards use a strong solution of atropia or eserine, accord-
ing to the position of the wound. If it is not yet reduced, then
the prolapsed part must be snipped off. Penetrating wounds of
the " dangerous zone" of the eye {ciliary region) are specially

dangerous, not only to the wounded eye, but to the other eye
as well

; in the wounded eye it is apt to give rise to iritis,

cyclitis, and irido-choroiditis, and in the other eye, sympathetic
ophthalmitis in three to six weeks after the injury, especially if

the injured eye contains a foreign body, or if the iris be attached
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to the cicatrix. The secondary inflammation usually takes the
form of an irido-cyclitis or irido-choroiditis ; the injection is but
slight, iDut there is great sensibility of the eye to touch over the
ciliary region. The exact cause is doubtful; it may be purely
reflex, or spread through the optic nerve by continuity of tissue,

or have a microbic origin; one thing is certain, that it most
often follows wounds of the ciliary region, and that its iirst eflects

are observed in the same region of the other ej^e. A somewhat
similar phenomenon is, I believe, observed in the case of dental
caries

; a tooth on one side is carious, and if it is not removed,
stopped, or else kept well dressed with some antiseptic substance,
the corresponding tooth on the other side will very often quickly
Ijecome carious too. The change may possibly be trophic in its

nature.

NERVES OF THE EYEBALL.

1. The Optic Nerve.—The deep origin of this nerve is from
the posterior part of the optic thalamus (imlvinar), the anterior

pair of corpora quadrigemina, the corpora geniculata, and, according

to some authors, from the angular gyrus, where, accordiug to

Ferrier, the visual centre is situated; but Munk, on the other

hand, places the centre on the outer convex surface of the occipital

lobe. From the deep origin each tract Avinds obliquely across the

under surface of the corresponding crus, and afterwards join each

other to form the optic commissure. The optic nerves take origiri

from the commissure, pass through the optic foramina, pierce the

sclerotic and choroid a little to the nasal side of the centre, and

expand into the retinse.

The white sheath of Schwann should cease at the lamina

cribrosa, but in rare cases it does not do so, but is continued

through the disc into the retina forming " opacLue nerve fibres " as

seen by the opthalmoscope; it usually affects tongue-like jjrocesses

round the circumference of the disc. The processes are pure white,

striated, and the free edge is feathered, or like carded wool. The

rest of the fundus is normal, the vision is not at all affected, and

the vessels crossing the white patch are not tortuous, as in patches

of choroidal atrophj'.
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The exact course and origin of the fibres passing to each retina

is still a disputed point. It is generally admitted that there is a

partial decussation at the optic commissure, each tract supplying

the corresponding half of each eye, e.g., the left tract supplying

the left half of each eye. Should, therefore, this tract be destroyed

by disease, there will be blindness of the left half of both retinas

(which will thus correspond to the right half of each visual field).

This is known as Homonymous hemianojpsia. On the other hand,

a lesion situated in the anterior part of the optic commissure

will produce blindness of the inner haK of each eye (the right

half of one eye but the left half of the other). This is called

internal Heteronymons hemianopsia. In the very rare and doubtful

condition of external Heteronymous hemianopsia (blindness of the

external half of each retina) there must be a double lesion situated

at the outer margins of the sides of the optic commissure. But
hemianojma may also be caused by other conditions, such as

detachment of the retina, and in Coloboma iridis—a congenital

cleft or deficiency in the iris, due to the imperfect closure of the

choroidal cleft of the foetxis, usually afiecting the choroid as well,

always found at the lower and inner aspect, and therefore the

upper and outer part of the visual field is deficient. It is very

often symmetrical; the white patch is bounded by a dense line

of pigment, and over its surface the choroidal and retinal vessels

may be seen. Occasionally small dermoid cysts of the iris are

due to the unobliterated remains of this cleft ; such cysts look like

small white currants, semi-transparent, protruding into the anterior

chamber, and partly occluding the pupil. Similar cysts may also

arise as a result of a perforating wound of the cornea, whereby
small pieces of Descemet's membrane, epidermal scales, or eyelashes

are transplanted on to the iris, and form the germs of cysts

—

" implantation dermoids " (Hulke). Detachment of the retina is

due to serous exudation between it and the choroid ; it may
begin at any part, but always gravitates by-and-by to the lowest

part of the fundus.

It is doubtful what would be the result of a lesion situated in

the visual centre. Charcot believes that the fibres that do not

decussate at the optic commissure have already decussated in the

corpora quadrigemina, so that the right centre would in this way
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entirely supply the left eye. Otliers believe that each centre
presides over the corresponding half of each eye ; this arrange-

.

ment seems to receive most support both from pathological and
anatomical research (Fig 117).

Hypertrophy of the pituitary body may cause blindness by
pressing on the optic chiasma and tracts, as in some fatal cases
of acromegaly, where this body has occasionally been found much
enlarged.

Fig. 117.
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The optic nerve is one of the excito-motor nerves of sneezing, as
is sometimes shown upon sudden exposure of the eye to a bright
light; in paralysis of the first division of the fifth, where the
other excito-motor nerve of sneezing is paralysed (the nasal hmncli
of the Jij'th), irritation of the nose does not produce sneezing, yet
exposure to a bright light -will.

The optic nerves are very constantly affected both in cerebral

and cerebellar tumours, the condition produced being double optic
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neuritis ("clwl-ed disc ''
), and finally atrophy of the optic nerve

and gradual loss of sight, more or less complete
;
they may also

be pressed on directly by tumours, either at the tract, ohiasma,

or optic nerve- proper. They are also affected in injuries and

diseases involving the optic foramina : in fractures through the

anterior fossa of the skull, either from a fissure involving the

optic foramen of that side, or from haemorrhage into the sheath

of the nerve; from tumours beginning in the orbital cavity, as

sarcoma and exostoses; or from tumours invading the orbit from

other parts, as sarcoma of the antrum or of the ethmoid cells, and
large enostoses of the frontal sinus.

2. The Third Nerve (Motor Oculi).—The deep origin of this

nerve is from a grey nucleus in the floor of the aquseductus Sylvii,

and which is tlie continuation of the grey matter of the anterior horn
of the spinal cord. It is also connected with the locus niger and
the corpora quadrigemina. At its superficial origin, on the inner side

of the crus, close to the pons, it lies between the superior cerebellar

and the posterior cerebral arteries. It then lies in the outer wall

of the cavernous sinus, where it receives communications from the

fifth a,nd sympathetic, after which it enters the orbit, through the

sphenoidal fissure. The extrinsic muscles supplied by this nerve
have been already named. It also supplies two muscles within

the eye—the sphincter pupiilce, and the ciliary rmiscle, by which
the eye is accommodated for near objects. In looking at a near
object three distinct events take place— (1) Contraction of the

ciliary muscle; (2) contraction of the pupil; and (3) convergence
of the eyeballs (by the internal recti)— all accomplished by the

third nerve. In health a definite relationship exists between
these three movements, which, if disturbed, Avill lead to defective

sight. The centre for the reflex contraction of the pupil is in

the corpora quadrigemina or medulla oblongata. The third nerve
may be paralysed by cold, rheumatic inflammation or periostitis,

syphilitic periostitis, gummata about the inter-peduncular space
and pons, disease of the posterior cerebral artery or of the internal

carotid in the cavernous sinus, and abscesses or new growths in

the tip of the temporo-sphenoidal lobe, pressing on the outer wall
of the cavernous sinus. It is very frequently, also, a result of

central nervous disease.
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Results of Paralysis.—(1) Ptosis, drooping of tho upper eyelid
because the levator is paralysed: (2) external squint, as there is
nothing to oppose the external rectus, M'hich is supplied by the
sixtli nerve, and which is, therefore, not affected; (3) double vision,
as the images are not thrown on corresponding parts of the two
retina3; (4) dilatation of the pupil, as the sphincter is paralysed,
and, further, it is insensible to light; (5) loss of accommodative
po^rer for near objects, as the sphincter pupillw, ciliary muscle, and
internal recti are paralysed; (6) immobility of the eye in all direc-
tions; (7) giddiness will probably also be present, as the patient
has a false idea of the relations of external objects to liimself

;

(8) tlie globe is slightly more prominent, due to the action of thJ
superior oblique (fourth nerve), wliich is not paralysed. Paralysis
of the third often only affects a part of the nerve—e.^., ptosis, and
a fixed dilated pupil are frequently met with, without other signs.
The squint in this case is paralytic, and the movements of °the
squinting eye arc extremely limited (in contra- distinction to con-
romitant squint, where the squinting eye retains its full range of
motion). It is also dicevgent, and the double images are tlierefore
crossed—/.c, the image belonging to the right eye appears to be to
the left of the other (Heteronymous squint); in other words, the
riglit hand image belongs to the left eye, and vice versa. This is

ascertained, in a darkened room, by means of a caudle lield about
eight or ten feet from the patient, and a strongly-coloured red glass
placed in front of each eye successively, by means of which one°cau
tell which of the two images belongs to each eye. As the paralysed
eye cannot move u]Dwards or downwards, as the candle is moved
the height of the images will vary according as the candle is above
or beloM' the horizontal plane, and the position of the images will
be understood by remembering that tlie lower part of the -sdsual

held corresponds to the upper part of tlie retina, and vice versa.

The image formed by the squinting eye is fainter than that formed
by the "working" eye, and is called the false image; patients
by-aud-by learn to disregard this image, and thus get rid of the
inconvenience arising from the double vision. To find out tlie

working eye, let the patient look steadily at the tip of one index
finger placed about a foot in front of the eyes, and then screen

cacli eye successively and watcli tlie unsci'eened eye. When the
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working eye is covered the squinting eye makes an effort to fix tlie

tip of the finger and moves towards the visual line; but the working

eye remains quite stationary when the squinting eye is screened.

If the working eye be watched behind the screen it will be seen

to squint as soon as the affected eye "fixes" the object; this is

known as secondarij squint, and its direction and extent (unless

the primari/ squint be due to paralysis) are the same as those of the

original, or primari/ squint.

The Fourth Nerve.—The deep origin of this nerve is partly

from the nucleus of the third in the aqueduct of Sylvius, and
another nucleus below this point. It also communicates Avith the

motor nucleus of the fifth. It passes through the outer wall of

the cavernous sinus, and enters the orbit through the sphenoidal

fissure, and then enters the orbital surface of the superior oblique.

The function of this muscle is to turn the eye doAvnwards and out-

wards. It may be paralysed by central disease, conditions causing
pressure on the cavernous sinus, periostitis—simple, rheumatic, or

syphilitic—of the sphenoidal fissure. Paralysis of the nerve gives

rise to little sign, unless the patient looks below the horizontal

level^ when the paralysed eye lags behind the other, and is also

twisted inwards by the inferior rectus, producing diplopia. The
squint is paralytic and convergent, and, therefore, the images are

not crossed (Homonymous squintJ~i.e., the right hand image
belongs to the right eye, and vice versa. As the eye is turned
downwards, the fiilse image is always below the true and leans
towards it, and also seems nearer to the eye than the true one.

The Fifth Nerve.—The fifth nerve arises by two roots : the
small, aganglionic motor root, arises from a nucleus just below the
lateral angle of the fourth ventricle and from tlie grey matter at
the sides of the aqueduct of Sylvius: tlie large, ganglionic sensory
root arises from the nerve cells of the formatio reticiUaris of tlie

pons and medulla. Only the first or ophthalmic division concerns
the eye. It is the sensory nerve of the eyeball, and iirobably
trophic in function as well; it also supi^lies the lachrymal gland,
eyebrow, forehead, and nose. This explains why in deep-seated
affections of the globe, such as iritis, there is pain over the eyebrow
and down the side of the nose, and also the increased lachrymation.
It also supplies the mucous membrane of the nose, and hence
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irritation of this siirfuce, as by snuff or the volatile oil of mustard, is
often accompanied by increased lachrymation. The terminal branches
of this divisioQ— the supra-orbital, supra-trochlear, and nasal— are
frequently implicated in the disease known as Herpes Zoster,
probably a form of neuritis. The nasal branch of this nerve
takes a very remarkable course ; it enters the orbit between the
two heads of the external rectus, and between the two divisions
of the third nerve, passes obliquely across the optic nerve to the
inner^ Avail of the orbit, and enters the anterior ethmoidal foramen.
It then enters tlie cranial cavity, lies on the anterior part of the
cribriform plate of the ethmoid, passes down through a slit by the
side of the crista galli into the nose, where it divides into branches
to supply the septum and the outer wall of the nose with common
sensation. It gives hranclies to the ciliary ganglion, gives off the
two long ciliary nerves to the eye, and an infra-trochlear twig to
tlie lower part of tlic inner angle of the orbit; this latter bra°ncli

supplies the skin, the conjunctiva, the lachrymal sac, and the
caruncula laohrynuilis. The ophthalmic division of the fifth appears
on the face five times—(1) As the .supra-orbital (2) the supra-
trochlear, (3) the nasal, (4) infra-trochlear, and (.5) the lachrymal.
AVhen this division of the fifth is paralysed there is loss of sensa-
tion in the various parts supplied, dryness of the eye from paralysis'

of the secretory fibres of the lachrymal gland, and also destructive

inilammation of the cornea, partly from the loss of trophic influence,

but also because foreign bodies do not produce sensible irritation or
winking, and are, therefore, not expelled as foreign bodies, because
they are not felt. The conjunctiva coA^ering the loAver eyelid is

not affected, as this is supplied by a tAvig from the infra-orbital of
the second division of the fifth.

The Sixth Nerve.—This nerA'^e arises from a nucleus in the
upper part of the floor of the fourth ventricle, beneath the

fasciculus teres, continuous Avith the grey matter of the anterior

horn of the cord, common to it and the portio dura of the seventh.

It passes along the inner Avail of the cavernous sinus close to the

internal carotid artery, and enters the orbit through the sphenoidal

fissure and supplies the external rectus. The result of paralysis

of this nerve is internal squint [convergent). Being convergent

it is therefore honiomjmoiis, i.e., just as in the paralysis of the
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fourth, the right hand image belongs to the right eye and vice versa.

There may also be contraction of the pupil in paralysis of this

nerve, because some of the sympathetic fibres pass along with it

to reach the radiating fibres of the iris. The patient will also feel

giddy when the healthy eye is closed, as he has then false ideas

of the position of external objects, because one judges of their

position, to a great extent, by the degree of effort required to bring

the eye to look at any given object. Also, if the patient close

the good eye and strike at an object, he misses it by going too

far to the outer side ; and in like manner he cannot walk in a

straight line, but takes a curve outwards as he attempts to reach

any given point.

The causes of paralysis of the ocular nerves are very various.

We have such causes as rheumatism, syphilis, and locomotor ataxj'^;

pressure on the cavernous sinus, due to cerebral abscess, carotid

aneurism or dilatation of the internal carotid. The third nerve

passes between the posterior cerebral and the superior cerebellar

arteries, and is, therefore, very apt to be compressed in old people

where the arteries are diseased. Malignant tumours, aneurisms, and

gummata at the base of the skull, also cause paralysis; very often

one or more nerves being simultaneously affected. The common
causes of ojjhthahno^legia externa are locomotor ataxia, syphilis,

diphtheria, and exposure to cold; if &om sypliilis, it is seldom

very regular, one or more muscles usually escaping. Paralysis

of accommodation is sometimes noticed after " slight sore throat,"

so slight as to be overlooked at the time.

The Sympathetic Nerve in relation to the eye. — In addition

to its ordinary vaso-motor action, the sympathetic is the motor

nerve to the dilator pupilige, and also to Muller's muscle—

a

layer of non-striped muscular tissue bridging across the sphenoidal

fissure. The centre is probably situated in the medulla, but the

fibres pass down the cord some little distance (eilio-sjpinal region),

leaving it through the last cervical or the first two dorsal nerves,

and entering the corresponding ganglia of the sympathetic trunk,

up which they pass to the base of the skull, then along the plexus

around the internal carotid artery (carotid and cavernous plexuses),

pass along the sixth nerve, and then join the ophthalmic division

of the fifth, forming part of its nasal branch, and thence through

2 M
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the long ciliaiy twigs of tke nasal nerve to the radiating filjres

of the iris. The stimulus for these fibres is the absence of light

;

they are also stimulated by the stimulation of other sensory nerves,

e.(7., severe pain dilates the pujDil, and also by the venous condition

of the blood, as seen in the dilatation of the pupil in dyspnoea.

Mr Hutchinson, in his "Illustrations of Clinical Surgery,"

shows very beautifully the effect on the eye, produced by paralysis
^

of the cervical sympathetic—(1) The eyeball is retracted within

the orbit, probably from paralysis of the muscle of MOllek.

(2) The pupil is contracted in the shade, although it responds

to atropine ; the paralysis simply prevents dilatation, but does

not cause contraction. (3) The palpebral aperture is apparently

narrowed from the slight drooping of the upper eyehd, probably

from the paralysis of some smooth muscular fibres situated there,

and also from the recession of tlie globe.

The Argyll Robertson Symptom.— By this is meant the

failure of the pupil to react to light, while it still alters with

accommodation. It is found in disease of the cilio-sjnnal region of

the cord (a region extending from the third cervical to the second

dorsal vertebra) and is often a. very early sign of locomotor ataxia. ^

Disease in this region involves the sympathetic fibres on their

way from the medulla down the cord to make their exit at the

last cervical and first dorsal nerves, and thence up to the pupil.

These fibres being involved, the pupil is somewhat contracted and

insensible to light, but still further contracts when a near object

is looked at, though the strongest mydriatic will only produce a

medium dilatation.

GLAUCOMA.

This disease is so named because of the greenish reflection

observed in the interior of the eye. It is characterised, in the

later stages, by great increase of the intra-ocular tension, so that

the globe feels lilce a marble in hardness, with blindness or great

limitation of the visual field. The premonitory symptoms arc

—

(a) Greatly increased presbyoiDia, so that the spectacles must be

changed often; (h) intermittent attacks of dimness of sight, like a

fog in front of the eye—the patient seeing well enough in the morn-

ing, but from midday ouM'ards the vision is occasionally obscured

;
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(c) dull aching in tlie eye, forehead, and temple; {d) the pupil is

dilated, sluggish, or fixed
;

(e) prismatic hales are seen suiTound-

ing bright objects, such as a gas flame, the moon, etc. These

symptoms may last for a variable time, and then an attack occurs,

usually at night. There is intense sickness, vomiting, and severe

neuralgic pain in the eye, forehead, side of nose, and temple

;

great lachrymation, almost complete blindness, injection of the

conjunctival and sub-conjunctival vessels, and large tortuous veins

are seen over the sclerotic, the corneal epithelium is uneven and

dull in appearance, and there is a great increase of the tension

;

a shallow anterior chamber, concentric limitation of the field of

vision, and cupping of the optic disc. The attack nearly always

occurs in patients beyond middle life, Avho seem pale and un-

healthy, and look as if they had sulfered much; and it must be

distinguished, in the fij?st instance, from a " bilious attack." It

is usually in hypermetropes, rarely in myopes ; in persons pre-

dis2)osed to this condition, one must not use atropia, as it is very

apt to briug on an acute attack, and will certainly aggravate an

existing attack.

In chronic cases, the premonitory sjrmptoms gradually pass into

glaucoma without the onset of any acute attack. The fogs in

front of the eyes may clear off for days or weeks, but by-and-by

there are only remissions, and at length it passes into a Avell-

marked state of glaucoma. There is a very acute form of glaucoma

(Glaucoma fulminans) which may produce blindness in a few

hoiu's ; but in ordinary acute cases blindness is not usually caused

before eight or ten days.

All the above symptoms are to be explained Ijy the increased

intra-ocular tension. This causes the hardness of the globe ; the

dilated and sluggish pupil is due to the paralysis of the nerves

of the iris by the increased pressure, and also because the lens is

forced through the pupil ; the shallow anterior chamber, because

the parts behind are pushed forwards; antcsthesia of the cornea,

due to paralysis of the first division of the fifth, from the great

pressure ; the distension of the subconjunctival and the sclerotic

veins, because the pressure obstructs the flow through the vorticose

veins ; the intense pain is. due to pressure on, and irritation of,

the sensory nerves; the coloured spectra, from the pressure of
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the vitreous humour ou the retina irritating it ; contraction of

the field of vision, from the paralysing effects of pressure on the

retina, which is thinnest at the periphery, and also because the

vascular supply is obstructed ; the cupped disc, because it is the

point of least resistance, and it therefore yields to the increased

pressure.

By the ophthalmoscope one may see—(a) Cupping of the optic

disc, the cup is very deep, and extends right up to the edge of the

disc ; and over the edge, the vessels seem to dip with an abrupt

curve, like a shepherd's crook, as the pressure has pushed them
from the centre towards the periphery; (?^) pulsation of the retinal

arteries, especially if the globe be pressed upon; (c) the full and

tortuous veins, and (d) there may also be small haemorrhages.

The cause of the increased tension is doubtful. It has been

supposed to be due to increased secretion of fluid from irritation of

the fifth and inhibition of the vaso-motor branches of the sympa-

thetic ; or else due to the damming back of the fluid ordinarilj^

secreted, by the closure of the spaces of Fontana, from adhesion

between the iris and the cornea at that angle, thus preventing

permeation of fluid from the aqueous chamber through the canal

of ScHLEMxi, and thence into the veins.

Treatment.—The sulphate of eserine, or nitrate of pilocarpine,

as palliative measures. Eadical—(1) Iridectomy (see page 550),

tlie best radical cure. (2) Myotomy, or the division of the ciliary

muscle, as it has been sujDposed to be due to spasm of this muscle.

(3) Sclerotomy, or division of the sclerotic at its junction with the

cornea, to open up the spaces of Fontana
;

prolapse of the iris

is the usual result of this operation, but it may be tried after

the failure of iridectomy. Before dividing the sclerotic, introduce .

eserine, to contract the pupil and so lessen the risk of prolapse

;

if done after iridectomy, of course this risk is removed.

CATARACT EXTRACTION.

The method usually adopted at the present day is Graefe's

modified linear, or something closely resembling it. Instruments

required — (1) Graefe's spring speculum; (2) a toothed fixing

forceps; (3) Graefe's narrow-bladed cataract .knife; (4) a curved

and finely-toothed iris forceps; (5) scissors, to snip off a portion
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of tlie irisj (6) a curette or scoop; (7) a cystotome or pricker,

to lacerate the capsule of the lens; and (8) a special scoop, to

lift out the lens if necessary, as in a diseased eye, where pressure

might be dangerous, or where the vitreous humour is very fluid or

is beginning to escape at the corneal wound. The patient reclines

on a table or couch with a support behind' his head; the Surgeon

stands most conveniently behind the patient's head, and should

be ambidextrous, as it is more convenient to use the right hand

for the right eye in making incisions, etc., and the left for the

left eye. An assistant takes his stand on the patient's left side,

opposite the Surgeon.

The steps of the operation are four—(1) The incision, (2) the

removal of a part of the iris, (3) the laceration of the lens capsule,

tind (4) the expulsion of the lens.

The eye is rendered insensible to pain by means of a solution

of cocaine, dropped in occasionally for ten minutes before the opera-

tion; it is then washed with a weak solution of corrosive sublimate

(1 in 5000), and the spring speculum introduced and set. The
Surgeon then fixes the eye by pinching up the conjunctiva close

to the lower edge of the cornea. The knife is then introduced

through the cornea and sclerotic junction, about half a line beyond
the apparent edge of the cornea, and about a line and a half above

its middle; the knife must be introduced perpendicularly till it has

gone through into the anterior chamber, and then the plane of the

knife must be made to correspond to the surface of the iris. It is

then passed through a counter puncture, the edge turned upwards
and forwards, and the knife made to cut its way out b}^ slight sawing

movements; the point of exit is just beyond the apparent edge of

the cornea. The iris forceps is then introduced, the iris drawn out,

and a little bit snipped off with the scissors. The pricker is next
introduced, and the capsule lacerated in a crucial manner, beginning
at the loAver part. The scoop is now to be pressed against the

lower edge of the cornea, when the lens will usually be extruded.

The anterior chamber is then to be emptied of blood and lens

matter, and the edges of the wound placed closely in apposition,

taking care that neither lens matter nor any part of the iris is

between its lips. A solution of eserino is then introduced to draw
tlie iris away from the wounded region, the eye douched Avith
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corrosive sublimate and then put up. The risks of iritis and
prolapse of the iris are not so great as in the old Hap, and by
means of strict antiseptic precautions suppurative inflammation
can usually be avoided.

IRIDECTOMY.

This operation consists in the removal of a portion of the iris.

This may be required — 1. To form an arUficial pupil, in cases

where we wish—(a) to get a new opening after prolapse of the iiis

where the natural one is displaced; {b) to reopen or enlarge a pupil
obstructed by previous inflammation; and (c) to displace the pupil
towards a transparent part of the cornea, or opposite a clear part
of the lens, in cases where the cataract is stationary and central.

2. To influence the course of some diseases as— («) Glaucoma,

{!)) recurrent gouty iritis, (c) irido-choroiditis, {d) purulent iritis,

(e) advancing staphyloma of cornea, and (/) ulcer of the cornea
with pus in the anterior chamber (hyiwpyon l-eraiith). 3. For
occlusion or exclusion of the pupil after iritis. 4. Sometimes
preliminary to cataract extraction, in order to ripen the cataract.

The position and preparation of the patient, and the position of

the Surgeon and his assistant are the same as in cataract extraction.

Instruments required—(l) A spring speculum, (2) fixing forceps,

(3) curved scissors with elbow bend, (4) fine-toothed iris forceps, and

(5) a bent triangular keratome—like a broad needle. The opening
for artificial pupil must be made where the media are clearest; if a

choice be allowed, then the lower aud inner part should be chosen,

as this -nail cause least deformity and also be in the most useful

position. The globe being fixed, an incision is made through the

cornea and sclerotic junction at the part where the artificial pupil

is to be; it should not be all in the cornea, lest the cicatrix con-

tract and alter its curvature. The iris forceps is then introduced

closed, the iris seized and drawn out, and a little bit snipped off"

with the scissors, forming a pupil something between square aud
round in shape. The iris should be grasped at the pupillary

border, lest a button-hole be made in it, and then cut off with a

single snip.

In Glaucoma a Graefe's cataract knife is used and a good larjrc

incision made (resembling that for cataract, but not quite so large,)
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at the cornea and sclerotic junction, so as to open up, if possible,

the angle between the iris and the cornea, where the spaces of

FoxTANA lie. The portion of the iris removed in this case is

always at the ujiper part, because the disfigurement is less and the

optical defect also less, as it is covered by the upper lid, since the

operation in this case is not performed for the purpose of securing

an artificial pupil, but for curing the disease. A large bit of iris

is removed; it must be pulled well out and cut away from the

very ciliary edge. It is done during the acute stage of the disease.

When for artificial pupil, only after the condition has become
chronic or subsided altogether.

OPEEATION FOR STRABISMUS.

The patient is prepared as before, but probably had better be

under the influence of chloroform, or cocaine may be injected deeply.

The Surgeon and assistant stand as before. Instruments required

are—(1) A spring speculum, (2) straight, blunt-pointed scissors;

(3) a toothed fixation forceps, and (4) a strabismus hook. The
operation is performed very often more for appearance than to

improve vision, as the patient has probably become accustomed
to suppress the image of the squinting eye.

1. The Subconjunctival, or English Method.—A fuld of the

conjunctiva is pinched up below the level of the insertion of the

tendon to be divided, and then incised with the straight blunt-

pointed scissors. The capsule of Tenon is now exposed, and must
be divided by thrusting in the point of the scissors below the

conjunctiva. The probe-pointed strabismus hook is then passed

into the wound, with the concavity downwards and the point

backwards, through the opening in the conjunctiva and capsule,

and carried along the surface of the sclerotic ; the concavity of

the hook is then turned upwards, its point being kept close to the
sclerotic, and slipped between the tendon and the globe. The hook
is then pulled forwards, the tendon raised off the surface of the

globe and divided by the scissors, between the hook and the globe;

make sure that all the fibres are divided by passing the hook back
and then drawing it forwards again, when it will slip forwards

beneath the conjunctiva as far as the edge of the cornea if the
tendon is completely divided.
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2. The Direct, or Continental Method.—A vertical incision is

made right over the tendon close to the cornea. By this method
the tendon can be see?;, so that the Surgeon can see Avhat he is

doing, and can make certain of dividing all the fibres. In dividing
the capsule of Tenon, pass the scissors towards the inner canthus
and free it well there, so as to lessen the risk of unsightly retrac-
tion at that part. A horse-hair suture requires to be introduced
into the conjunctiva to bring its edges together, and the wound
probably does not heal so readily as in the other method.

Little after treatment is required. The eye is tied up for a few
hours, say, till bedtime, when everything is removed; for a day or
so longer the patient may wear a shade and remain in a darkened
room, but the sooner the eye is brought into use the better, so that
the tendon may be moulded while it is yet plastic.

READJUSTMENT OR ADVANCEMENT.
This operation consists in bringing forwards to a new attacli-

ment the tendon of a rectus— usually the internal, sometimes
the external—which has become attached too far back after a
previous tenotomy, or has become weakened, as in myopia. The
instruments required are—a stop speculum, straight scissors with
blunted points, a toothed fixation forceps, a strabismus hook, and
two or three double-needled sutures.

Critchett's Operation—

1. Make a vertical incision, exposing the internal rectus,

about one-sixth of an inch from the edge of the cornea.

2. Divide the tendon in the usual way.

3. Pass the two or three needles, from within outwards,
through the flap formed by the tendon, fascia, and
conjunctiva, at some distance from its free edge.

4. Shorten this flap by cutting off its free edge.

5. Pass the other ends of the sutures, from within outwards,
through the fascia and conjunctiva, close to the edge
of the cornea, taking as broad a hold as possible.

6. Divide the external rectus in the usual way, and intro-

duce a stout traction suture at the outer side of the

eye, by which it can be drawn inwards.
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7. Tigliten the tendon sutures first introduced.

8. Fasten the traction suture to the nose by plaster, pulling

the eye inwards as far as possible. This suture soon

cuts its Avay out : the tendon sutures are left in for a

week or so.

Prince's Operation.—For this operation it is better to have

Prince's special advancement forceps, and a special curved and

handled needle with the eye in point is sometimes necessary,

though, as a rule, the usual curved needles are quite sufficient.

"We also require one double -needled suture, one single -needled

suture, as well as the ordinary strabismus instruments.

1. Expose the internal rectus as in last operation.

2. Hook it up on strabismiis hook, or grasp it with special

forceps.

3. Pass sutures through the tendon, using the double-

needled suture—passing both needles from behind

forwards, through the rectus, its sheath, and the

conjunctiva. This is the " /oqp suture."

4. Divide and remove part of the tendon.

5. Divide the external rectus in the usual way.

6. Pass a suture through the conjunctival and subconjunc-

tival tissue near the edge of the cornea, opposite the

tendon to be advanced. This sutiu'e should be passed

in the vertical direction, and is the '^pulley suture.''

7. Tie this suture tightly, making it include one of the

ends of the suture througli the tendon. This suture is

to act as a pulley, or point d'apjmi, by means of which
the tendon is pulled forwards by the other sutui'e.

8. Tie the two ends of the suture through the tendon, pull-

ing the tendon tightly up against the former suture.

9. Bring the edges of the divided conjunctiva together by
means of a suture.

Brudenell Carter's Operation.—By this operation the sheath
of the optic nerve is opened for the relief of pressure. It is said
that fluid in the arachnoid space is forced through the optic
foramen, between the two coats of the optic nerve, in certain cases
Avherc the intra-cranial pressure is increased. The fluid passes
along the nerve up to its insertion into the eyeball, but there it
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is stopped because of the sclerotic riug ; the pressure thus caused
produces strangulation of the contents of the optic sheath—nen^c
hbres and vessels—causing disturbance of vision and secondary
atrophy of the optic nerve.

Tlie nerve is exposed and reached from the outer side. The
conjunctiva and subconjunctival tissues are divided, the external

rectus hooked up, and sutures inserted at two points, and the
muscle divided between them. Tenon's capsule is next divided,

the intervening tissue scratched through, and the optic nerve
exposed ; after which the sheath is pinched up and incised, when
some fluid will escape. The two ends of the divided rectus are

then tied together by the sutures previously introduced, and the
conjunctival wound closed.

EXCISION OF THE EYE.

This may be rendered necessary for— 1. Sumpaihetic" oph-
thalmia (ophtlialmitis), usually due to some -ivound, accidental or

operative, in the ciliary region of the eye—a zone about a quarter
of an inch wide surrounding the cornea, often spoken of as the

"dangerous zone" of the eye. 2. In cases of wounds, where the

vision is destroyed and the foreign body cannot be found. 3. In
pan-ophthalmitis. 4. In general staphyloma of the globe, or large

staphyloma of the cornea. 5. For the removal of tender irritable

stumps. 6. Tumours of the interior, e.g., glioma of the retina, or

melanotic sarcoma of the choroid.

Instruments required—(1) Spring speculum; (2) blunt-pointed

scissors curved on the flat; (3) fixation forceps; (4) strabismus

hook; (5) sponges, lint, and wool; (6) ice-cold water; (7) styptic,

such as perchloride of iron
; (8) fine needle and silk sutures ; and

(9) chloroform, etc. The operator may most conveniently stand

behind the patient. Introduce tlie speculum and divide the ocular

conjunctiva all round close to the edge of the cornea, beginning at

the upper part, with the scissors. Then raise up the conjunctiva

and divide Tenon's capsule also with the scissors, and then with

the strabismus hook, hook up and divide tlie recti one after tlie

other, capsule and all ; the superior oblique may also be divided

on tlie hook, but the inferior is left for the present. Now make
the eye start forwards by pressing the spring speculum behind the
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globe, and then pass the curved scissors from the outer side, rouud

the sclerotic, and divide the optic nerve and remove the globe by

dividing the inferior oblique, and any remaining soft tissues. Then

at once plug up the opening by compresses of cotton wool wrung

out of some cold antiseptic ; this is for the purpose of controlling

ha3morrhage by pressure. The cut edges of the conjunctiva may or

may not be brought together by sutures, according to the inclination

of the operator. Pressure must be kept up for six or eight hours

by means of sponges or cotton wool. If this operation be performed

for malignant tumours of the orbit (sarcomata) the whole contents

must be cleared out ; for simple conditions a less radical method

will suffice, the chief thing to be kept in mind being that whatever

else is left, the corneal tissue must be all removed.

Structures Divided.—The ocular conjunctiva; the capsule of

Tenon ; the four recti ; the two obliques ; the ciliary arteries and

nerves ; the optic nerve with the arteria centralis retinaj ; branches

of the third and fifth nerves ; and twigs of the ophthalmic artery

and vein.

INJURY TO EYE.

The possible results of a blow on the eye are:

—

1. Temporary paralysis of accommodation from concussion.

2. Commotio retinfe, and possibly also detachment of the

retina.

3. Effusion of blood into the anterior chamber, or into the

vitreous.

"
4. Superficial septic ulcer of cornea, with pus in the anterior

chamber.

5. Dislocation of lens.

6. Detachment of the iris from its ciliary connections (the

zonule of Zinn).

7. liupture of the lens capsule and traumatic cataract from

the lens imbibing the aqueous.

8. Inflammation of the iris and ciliary processes.

9. Growth of a sarcoma.

10. Fissure through the optic foramen, causing blindness

from injury to the optic nerve, which is followed at a

later date by atrophy of that structure.
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11. Ccataracfc, from injuiy to the frontal or infra - orbital
nerves, setting up a neuritis tliat spreads backwards
and affects the nutrition of the globe.

12. Rupture of the sclerotic, usually about a quarter of an
inch behind the cornea ; the choroid may also be
ruptured.

13. Hajmorrhage ijito the space between the lamina supra-
choroidea and the lamina fusca.

A curious train of Eye Symptoms are often obsers'ed in the
disease known as Locomotor Ataxia,' a disease consisting in chronic
inflammation, followed by sclerosis of the postero-external tract of
the cord (Eurdach's), spreading to the postero-internal column
and probably to the direct cerebellar tract as well. The symptoms
ob.served are—(1) The Argyll Eobertson symptom (see page .546);

(2) temporary paralysis of the various ocular nerves with accom-
pauying symptoms; (3) marked myosis, the pupil being often
contracted to a pin point; (4) frequently unecpial size of the pupils;

(5) colour blindness; and, lastly, (G) atrophy of the optic nerve
and gradual loss of sight.

A remarkable train of symptoms is frequently observed to follow
" Concussion of the Spine," e.g., in railway injuries; we may find
any one of the following five :—(1) Asthenopia; (2) amblyopia-;

(3) loss, or failure, of the power of accommodation
; (4) irritability of

the eye and photopsia, from ncuro-retinitis; and, lastly, (.5) atrophy
of the optic nerve and gradual loss of sight.
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CHAPTER XXYIII.

THE EAR.

EXTERNAL AUDITORY MEATUS.

This canal is about an inch and a quarter in length ; the lower

wall is the longest on account of the oblique direction of the mem-
brana tympani, which forms an angle of fort^'^-five degrees with
the horizon in the adult. In the child, however, the membrane is

more nearly horizontal, forming only an angle of ten degrees with

the horizon; but as age advances this gradually increases. The
meatus passes obliquely forwards and inwards, and is curved upon
itself, the concavity pointing downwards, so that its floor is convex

;

it is also curved a little forwards. Its shape is oval, with the long
axis vertical, and it is narrowest about the middle, and, therefore,

the ear speculum should not be inti-oduced beyond this point.

Rather less than one-half its length is formed of cartilage, the re.st

of bone. In young children, however, there is practically no bony
part, and in them, therefore, the meatus is very short. In examin-
ing the membrana tympani, by means of the speculum and mirror,

the pinna or auricle, should be pulled upwards and backwards in

order to straighten the meatus as much as possible. In health, the
membrana tympani is transparent, smooth and shining, and has a
slate-blue colour, or delicate bluish grey, and it is concave from the
outside; from its transparency it is possible to see serous collections

in the middle ear through it. Besides seeing the membrane Ave

also see the handle and short process of the malleus (which are
situated between the outer and middle layers of the membrane)
and tliat appearance known to aural surgeons as the "triangle of
light," with its apex at the end of the handle of the malleus, an
appearance due to the peculiar curvature of the membrane, the rays
from the two sides crossing each other at the anterior and lower
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part. The handle of the malleus runs from alDove downwards and
backwards to a little below the centre of the membrane. From
the short process there are two folds, one passing forwards, and
the other backwards, and the part of the membrane above thii5 is

very thin, consisting only of cutaneous and mucous layers ; this

part is called Shbapnell's membrane.

Fig. 118.

The Ear.

1. External Auditory Meatus.

2. Membrana Tympani.

3. Malleus. 4. lucus.

5. Stapes.

6. Membrane sliuttiiig off the Tym-
panic Cavity from tlie A''estibule.

7. Membrane in the Poraiuen l?o-

tundum, shutting off the Tympanic

Cavity from the Scala Tympani of

the Cochlea. .

8. Tympanic Cavity.

9. Eustachian Tube.



Surgical, Medical, and Operative. 559

Structure of the Membrane.— It consists of three layers

—

(1) The outer, or cuticular layer, a continuation of the skin of the'

meatus. (2) The internal, or mucous layer, which is continuous

Avith the mucous membrane of the tympanic cavity; in a fold of

this layer the chorda tympani nerve lies concealed. (3) The
middle, or fibrous laj'er, consisting of connective tissue fibres

arranged both radially and circularly—the radial are the more
numerous, and radiate from the point of attachment of the handle

of the malleus ; the drcular form a dense ring near the circum-

ference, and are lodged in a bony groove Avhich is deficient at

the iipper anterior part {notch of Rivinus). The layer itself is

also defective above, and here, therefore, the membrane is only

composed by the cuticular and mucous layers ; this part is known
as the memlrrana fiaccida, or Sheapnell's membrane.

Nerves of the meatus. The principal nerves are derived from
the aurimlo-temporal, which is a branch of the third division of the

fifth nerve, and supplies the outer layer of the membraua tympani

;

the great auricular from the cervical plexus, and the auricular

branch of the vagus (Arnold's nerve). These nerves and their

communications explain the occasional peculiar results of irritation

of the external auditory meatus—such as coughing and sneezing

from irritation of Ariijold's nerve, and the auriculo-temporal nerve
respectively, and yawning from irritation of the auriculo-temporal

nerve, the impulse passing to the muscles that open the jaws.
The vessels of the meatus are derived from the posterior auricular,

internal maxillary, and temporal arteries. Incisions through this

membrane shoidd be made at the lower and posterior part, as by
so doing M'e escape the ossicles, the chorda tympani, and other
important structures. Just as in other serous membranes, the early
signs of inflammation are congestion and loss of polish, and it also

becomes less concave from the accompanying Eustachian obstruction.

The Cysts of the Auricle.—We may find—(1) Simple serous
cysts

; (2) sebaceous cysts
; (.3) the traumatic ha?.matoma of foot-

ball players
; (4) the hasmatoma of lunatics (Hcematoina auris, or

Othajmatoma)—the hcematoma consists of an effusion of blood
between the cartilage and the perichondrium. From its frequent
occurrence in lunatic asylums, it has been termed " insane ear."

(5) AYe may also find abscesses; and, lastly, (G) dermoid cysts.
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Supernumerary Auricles are occasionally found. They are
sometimes represented by small tags of skin near the pinna ; or
again, they may be found in the neck, in association with branchial
fistidse. The pinna is first indicated in the embryo hy six small
tubercles, which arise on each side of the hyo-mandibular cleft.

When any of the tubercles fail to coalesce the result may be
congenital fistulas, or supernumerary auricles. Sometimes also bits

of epithelium become buried during their coalescence and form the

germs of dermoid cysts.

THE MIDDLE EAR OR TYMPANUM.
This is a small six-sided cavity, somewhat compressed from

side to side, situated in the substance of the temporal bone, and
containing air. It communicates with the pharynx, by means of

tlie Eustacliian tube. It is placed immediately above the jugular

fossa; in front is the carotid canal, with the internal carotid

artery ; behind are the mastoid cells and the internal jugular

vein
; externally the membrana tympani and external auditory

meatus, and internally the labja-inth.

Boundaries.— 1. The roof is a thin plate of bone separating

tlie cranial from the tympanic cavityj the bone is only sejiarated

from the temporo-sphenoidal lobe by the dura mater.

2. The floor is formed by the meeting of the outer and inner

walls, and is immediately above the jugular fossa; in the floor is

a small aperture for the entrance of Jacobson's nerve (from the

glosso-pharyngeal)

.

3. The outer wall is the membrana tympani. At the loM'er

part of this wall there are three openings—the Glaserian Jismre,

which gives passage to the laxator tympani muscle, the tympanic

vessels, and lodges the processus gracilis of the malleus ; and the

iter chordca posterius et anterius, being the apertures of entrance

and exit of the chorda tympani nerve. The iter cJiordce anteriri^

is the beginning of the canal of Huguibr. The chorda tympani

is the nerve of taste to the anterior two-thirds of the tongue, and

passes across the cavity from back to front, close to the outer wall,

between the handle of the malleus and the long process of the

incus, being invested by a fold of the mucous membrane forming
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the most internal layer of the memhrana tympani. It is easy to

understand, therefore, how this nerve may be implicated by disease

of the middle ear, and its function consequently stimulated, causing

an excessive flow of saliva, or altogether destroyed.

4. The inner wall is vertical, and looks almost directly out-

wards. On this wall, note

—

{a) The Fenestra ovalis, a depression

which leads to the vestibule, but which is closed by a membrane
similar in structure to the membrana tympani ; the depression is

occupied by the base of the stapes. (i) The Fenestra rotunda,

a depression which leads to the scala tympani of the cochlea. It

is also closed by a membrane resembling the tympanic membrane
in structure, (c) The Promontory, a hollow prominence formed by
the first turn of the cochlea ; it is placed anteriorly, and between

the two fenestrse, and is grooved by the nerves of the tympanic

plexus, {d) The rounded eminence of the A(j^iuixludiis Fallop 'd,

which lodges tlie facial nerve, (e) The Pyramid; it contains the

stapedius muscle, and has a small opening at its apex for the exit

of the tendon of that muscle ; there is also a minute canal for the

nerve to the stapedius, from the facial.

i). In the Posterior wall are the openings of the mastoid cells,

one large (the mastoid antrum) and several smaller openings; the

openings are near the roof of the cavity.

G. In the Anterior wall -we find— (a) The canal for the

tensor tympani; (&) the processus cochleariformis, a process of

bone which separates the above from (c) the Eustachian tube,

which is the lower and larger of the two openings. By this tube

•the middle ear commimicates with the nasal part of the pharynx.
The external auditory meatus, the tympanic cavity, and the

Eustachian tube, are all developed from the upper part of the first

branchial cleft.

The arteries of the tympanum are—(1) Tympanic branch of

tlie internal maxillary, which enters the tympanum through the

Glaserian fissure; (2) the stylo-mastoid branch of posterior

auricular, which enters at the stylo-mastoid foramen
; (3) petrosal

branch of meningeal, entering through the hiatus Eallopii
; (4) a

branch from the ascending pharyngeal, passing up the Eustachian
tube ; and (5) a small twig from the internal carotid artery, enter-

ing through the anterior wall of the cavity. Its Nerves are

—

2n
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(1) The tympanic branch of the glosso -pharyngeal (Jacobson's
nerve), wliich enters through au aperture in the lloor of the
cavity, and is distributed to the Eustachian tube, foramen ovale,
and foramen rotundum, and communicates with (2) twig from the
carotid plexus, (3) twig from the great superEcial petrosal, and
(4) sends a twig to join the lesser superficial petrosal. It is thus
distributed to tlwee parts, and has three communications.

EUSTACHIAN TUBE.

The Eustachian tube is a canal from one and a half to two •

inches in length, and its direction is downwards, forwards, and
inwards. It consists of—(a) An osseous part about half-an-inch

'

in length, situated in the temporal bone ; it begins in the anterior

wall of the tympanic cavity, and is directed downwards and
forwards ; and ih) a cartilaginous part about' an inch in length,

of triangular shape, and composed of yeUow elastic fibro-cartilage.

The open part is below, and it is completed by a fibrous membrane
and a layer of voluntary . muscle ; it ends in a trumpet-shaped
mouth nearly on a level with the inferior meatus of the nose. It

is lined by ciliated epithelium, the cilia of which lash downwards

;

it is usually closed, but is opened at the moment of swallowing by ^

the dilator tubse, levator palati, and salpingo-pharyngeus muscles.

The mucous membrane is supplied by the glosso-pharyngeal and
the second division of the fifth; the muscles by the facial and
the third division of the fifth. The blood-vessels are derived from

the internal maxillary, the ascending pharyngeal, and the internal

carotid. Its use is to get rid of secretions from, and to ventilate

the tympanic cavity. Ey its means the pressure of air in the

cavity is kept the same as in the external auditory meatus, so that
'

the pressure on each side of the membrane is the same, a condition,

necessary for the clear perception of sound waves.

The ojjen trumpet-shaped mouth of this tube is situated on a

level with the posterior extremity of the inferior turbinated bone.

According to Tillaux, the opening is about half-an-inch below

the basilar process ; half-an-inch in front of the posterior wall of

the pharynx; half-an-inch behind the posterior extremity of the

inferior turbinated bone ; and half-an-inch above the soft palate.

In tliis way the nasal part of the pharynx of one side may be
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rogartletl as a little box one inch square, and in tlie centre of its

outer side is placed the opening of the tube. Immediately behind

the orifice of the Eustachian tube is a depression known as the

fossa of EosENMULLER, into which the point of the catheter may

be inadvertently slipped. Obstruction of the tube gives rise, if

not to deafness, at least to considerable impairment of hearing,

from indrawing and rigidity of the membr'ana tympani, and it will

be necessary to adopt some means to get rid of the obstruction.

1. This may be attempted by Valsalva's Method, dii-ecting the

patient to hold his nose between the finger and thumb of one

hand, close the mouth, and expire forcibly. If at the same time

the patient is directed to swallow, the effect will be all the more

t'vident.

2. Politzer's Method.—This method for forcing air up the

Eustachian tube takes advantage of the physiological fact, that

during deglutition the opening from the mouth into the upper

part of the pharynx and posterior nares is closed, and also at the

same time the Eustachian tube is opened by the dilator tubsc or

tensor palati, and by the Salpingo -pharyngeus. Every time one

swallows it is possible to hear a "click" in the ear due to the air

being forced up the Eustachian tube and impinging against the

meuibraua tympani, and this is rendered much more evident if at

the same time the nostrils are closed by grasping the nose between

the finger and thumb. By these means we have really an air-tight

chamber, and if any of its "walls are squeezed or forced inwards, or

if more air be driven in, the air being practically incompressible is

driven iu the direction of the least resistance, e.g., up the Eustachian

tube. The patient is directed to take a mouthful of fluid, and at a

given signal from the operator, to swallow it. The operator intro-

duces the end of a tube (the other end of which is iu communication

with a small reservoir of air) into one nostril, and closes the nostrils

with the finger and thumb of one hand, while with tlie other hand
he grasps the air-bag. He then directs the patient to swallow, and
as ho does so, the operator projects into the nostril a cpiautity of

air, which increases the pressure, and some of it passes uj) the

I'Aistachian tube into the tynipauuni. It will be seen that this

method resembles Valsalva's very closely, only by means of the air-

bag greater pressure can be brought to bear upon any obstruction
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that may be present in the tube. Instead of taking a mouthful of
water other plans may be adopted, sueh, for example, as asking the
patient to say " Hack " (Qrubeb), or a still more convenient plan
of simply directing the patient to puff out the cheeks (Holt). In
cases Avhere the patient, or Surgeon, is doubtful whether the air

has or has not entered the cavity, one of the patient's ears must
be connected with that of the Surgeon by a flexible rubber tube.

In this Avay the Surgeon will be able to tell whether the air enters ^

the cavity in the usual amount and with the usual force, or feebly,

or not at all, according to the presence or absence of stenosis of

the Eustachian tube ; lie MdU also hear in this way whether there

are superadded sounds, such as bubbling or craclding from the
presence of fluid in the cavity, or whether a whistling sound is

lieard, due to the air passing right tlirough the membrane and
tube into the Surgeon's ear, from tlie presence of a perforation in

the membrana tympani.

3. If tlie above means fail, theu recourse must be had to the

Eustachian Catheter. The catheter may be made of various

materials, hard rubber, vulcanite, silver, etc. It is curved at the

cud which is passed into tlie tube ; at tlie other end it is expanded
so as to fit the nozzle of the air-bag, and also has a ring, whicli *

corresponds to the concave side of the curve at the point, so that

it thus indicates tJie position of the point of the instrument when
it is lost to sight. The Surgeon connects his ear with the diseased

ear of the patient by means of the flexible tube. The patient sits

fiicing the light, with liis head leaning slightly backwards, the

moutli open and breathing easily. The Surgeon stands in front

of the patient, with the air-bag under his left arm, and Avith his

left hand slightly raises the tip of the patient's nose, and with the

right passes the catheter along the floor of the iuferior meatus,

.

M'ith its point downwards, and pushes it gently onwards till the

posterior wall of the pharynx is reached. After this, the method
recommended by Dr McBride, is to turn the poiut of the instru-

ment inwards, towards the median line, through a ijuarter of a

circle, and then withdraw it till the curve at the point is caught

by the nasal septum, when it is again rotated, through half a circle

this time, so that its point is brought at right angles to the lateral

wall of the pharynx, and then, if it is not in the tube, a little
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pressure of tlie beak outwards, produced by moving the other end

of the tube inwards, will cause it to enter the orifice. To place

the point of the instrument into the exact axis of the tube, the

ring at the outer end should point to the outer canthus of the

corresponding eye. It is necessary to pass the catheter along the

floor of the nose, as otherwise it might very easily be passed into

the middle meatus.

THE INNER EAR OR LABYRINTH.

The osseous part simply consists of certain cavities scooped out

in the petrous portion of the temporal bone. The whole is lined

by a thin periosteal membrane, and filled with peri-lymph (Liquor

Cotunnii). The membranous parts are much smaller than the

osseons, being contained in the osseous parts, and surrounded by

the peri-lymph. The membranous labyrinth consists of a system

of tubes and bags, which are all connected together, forming a

completely closed system, the cavities of which have no direct

comruunication with the osseous cavities
;
anteriorly is the cochlea,

posteriorly the semi-circular canals, and between the two is placed

tlie vestibule, which consists of the utricle and saccule. The
saccule is connected with the scala media of the cochlea by the

canalis reuniens, and to the utricle by the ductus vestibuli; the

three semi-circular canals are also connected with the utricle. The
membranous labyrinth contains endo-lymph (Liquor ScarjpcG).

The Nerve of Hearing (auditori/ or j^ortio mollis of seventh)

is distributed to the different parts of the internal ear. The vesti-

hular division is distributed to the utricle and saccide, and to the

three ampullic of the semi-circular canals, Avhere it can be traced to

peculiar elevations known as the crist!L^ accousticse. The portion

supplying the utricle and saccule probably end in the hair cells of

the cristse accousticae, with their otoliths and jelly, the whole being

similar to the structures forming the entire hearing apparatus of

the invertebrata ; this part enables us to appreciate the sense of

sound, whether low or loud—absolute silence or noise—but does

not discriminate the quality. The part passing to the semi-circular

canals ends in a similar manner, and seems to be concerned in the

co-ordination of muscular movements, probably because the fibres

convey to the brain impulses that, in some way, give us correct
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notions of our equiliLrium or relation to external objects. In all

IDrobability, therefore, it is this part of the nerve that is over-

whelmed, and unable to gi-asp the situation, for the time being,

when an individual is sea-sick. If this be so, it wiU be at once

evident how useless every drug must be, and how effective my
drug may be, and this may explain the curious circumstance that

every new drug in turn is discovered at last to be the remedy for

sea-sickness, and hailed with gladness by a suffering humanity'.

The cochlear' part is distributed to the scala media of the cochlea,

being believed to end there in the " organ of Corti." This part of

the nerve enables us to discriminate the quality of sound.?, giving

rise in the mind to a distinct musicul impression ; and the curious

part is that one can distinguish a gi'eat many musical sounds

at the same time. Sound waves can reach the auditory nerve in

two ways—(1) through the external auditory meatus, membrana

tympani, and ossicles, to the peri-lymph, and thence to the endo-

lymph ; or (2) through the bones of the head, and, possibty, also

the bones of the trunlc, and hence the origin and use of the

Audiophone, whereby a deaf person (provided the nerve of hearmg

is not destroyed) is enabled to hear, to a certain, extent, by placing
^

it against the teeth.

EXAMINATION OF THE EAR.

Tlie hearing power may be first tested by ordinary speech,

whispering, or the ticking of a watch. Deafness may be due to

faults in the sound-perceiving or tlie sound-conducting parts of the

ear. The internal ear, where the sound-perceiving part is placed,

is beyond our reach, but the condition of the nerve can be tested

by applying the tuning-fork to the middle of the forehead or to the

teeth. In health, the fork should be heard in both ears with equal

intensity. If, then, it is heard well in both ears, the fault cannot

lie with the auditory nerve, and the cause of the deafness must be

sought for in the sound-conducting part (the external and -middle

ear). In cases where tlie fault lies in this part of the organ, then,

curiously enough, the tuning-forlc is lieard best in the deafer ear.

AVhen the tuning-fork is applied to the forehead or teeth, the

vibrations of tlie bones of the head conduct the sound waves to

a healthy cochlea, even ^vhen the aerial vibrations are prevented
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from passing ; but if no sound is perceived wlien tlius applied, it

shows that the nerve of hearing is destroyed, or at least functionally-

useless.

External Ear and Membrana Tym pan i.—This part may he

viewed by the unaided eye, by the mirror alone, by the mirror and

speculum, and tested by the tuning-fork. In examining the mem-

brane, any change of colour can be noted, whether it is red, or

has lost its glossy appearance; also Avhether it is concave and

shows more clearly the various processes of bone in relation with

it, from deficient internal pressure, or whether it bulges outwards

from accumulation of fluids in the tympanic cavity, from obstruc-

tion in the Eustachian tube, or the results of inflammation. Also

whether it is movable, as by Valsalva's method, or by Siegle's

Pneumatic Speculum, or whether it is perforated, or entirely or

partially hidden by wax. The meatus is often attacked by small

boils, which are reaUy circumscribed acute inflammations of the

parts; they cause great pain and suffering, and form one variety of

acute earache. Occasionally the inflammation is diffuse, and when

it attacks the bony part it resembles an acute periostitis in its

symptoms and course; this also would probably be called acute

.ear-ache. "Wax" impacted in the ear is often a cause of sudden

deafness, either from the mass being displaced so as to block up

the canal completely, or from the entrance of water making it

swell up so as to cause a complete block. The presence of wax

may also cause severe tinnitus, or sounds in the ear, fits of coughing

from irritation of Arnold's nerve, or sneezing or persistent yawning

from irritation of the auriculo-temporal nerve. The wax should be

softened by putting in a few drops of a warm weak solution of

bicarbonate of soda (five grains to the ounce) two or three times a

day for a few days, and then syringe out the ear with warm water.

The fluid is injected parallel with and along the upper wall ; this

is sometimes accompanied Avith vertigo and faintness from irritation

of the membrana tympani. The ear must then be dried out with

cotton wool, and a plug of dry wool worn for the rest of the day.

Middle Ear and Eustachian Tube.—Much information can be

gathered from the examination of the membrana tympani as to the

condition of the middle ear. As it is transparent one may be able

to see fluid in tlic middle ear through it. Also note whether it is
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tliiclcened from fibrous changes in tlie middle ear, convex from
accumulations in that cavity, or concave from an obstruction in the
Eustachian tube, whereby the air has become rarefied, or absorbed.
The other avenue of information as to its condition is to examine
the throat, as disease of the middle ear often begins in the throat

and passes upwards along the Eustachian tube to that cavity. Any
condition therefore capable of setting up acute naso-pharyngeal
catarrh may also produce acute inflammation of the middle ear;

it is often secondary to a cold in the head, or sore throat, either

simple, or after measles or scarlet fever. Eurther, obstruction of

the tube is very often due to hypertrophy of the pharyngeal tonsils

(adenoid vegetations of the naso -pliarym) blocking its orifice.

Then, by some of the means already described, the Surgeon shoidd
examine whether the tube is patent or not.

Adenoid Vegetations of the Naso-Pliarynx are common in

scrofulous children, and especially so in cold damp climates and
dwellings. Besides being partially deaf the child usually keeps
the mouth open to breath through, and has a very characteristic

expression of face; he snores loudly during sleep, and in some
cases there may be difficulty of breathing from the co-incident

hypertrophy of the tonsils. The voice is peculiarly altered, the
^

letters m and n being pronounced like b and d, no, no, sounding
like dodo, and words beginning M'ith com and con like cob and
cod, as in common and conversation. . There is also a characteristic

flattening of the nostrils, as well as noises in the ears, and slight

discharge of blood into the pharynx in the morning, with trouble-

some morning cough and sanguineous expectoration, and sometimes
also vomiting. It is very often accompanied by "chronic atrophic

rhinitis." The jp^i'^ryngeal tonsils stretch across the back of the

pharyngeal cavity, between the orifices of the two Eustachian tubes

(
Kollikbr).

Clironic Suppuration of the IVIiddle Ear is usually caused

by inflammation spreading up from the throat (naso-j^harijngeal

catarrh), and a large number of cases usually date their com-

mencement from an attack of lueasles or scarlet fever—probably

again from the inflammation spreading up from the throat. This

is the origin of the "running ear," and when examined the mem-
brana tympani is usually found to be perforated; the condition
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is usually bi-lateral. Tlie acute stage of tliis condition forms the

acute earache of childhood in a large proportion of cases ; it should

be watched for during the course of an attack of measles or scarlet

fever as well as afterwards. Besides perforation, other and more
serious complications are apt to follow suppuration of the middle

ear—such, for example, as inflammation of the mastoid cells, caries

of the bone, facial jjaralysis, inflammation of the membranes of the

brain, local or difli'use, and simple or suppurative, especially difi'nse

purulent arachnitis, pyjemia, granulations and polypi blocking np
the meatus, inflammation of the brain, cerebral abscess, perforation

of the internal carotid artery, thrombosis of the lateral sinus or

internal jugular vein, and, lastly, destruction of the chorda tym-
pani nerve.

To explain these phenomena one has only to keep in mind the

relations of the tympanic cavity. On the inner wall lies the facial

nerve, covered only by a thin crust of bone; and immediately
beyond this wall lies the internal ear, hence inflammation and
suppuration may be readily set up in the labyrinth, and may
possibly reach the cerebellum, or medulla oblongata, through the
internal auditory meatus. On the outer wall the chorda tympani
nerve, lies in a fold of mucous membrane. The roof is very thin,

and iirflammation can readily pass through the bone to the dura
mater and then to the brain itself, especially in young persons
wliere the petro-squamous suture has not as yet solidified. This
fact has probably given rise to the impression that cerebral abscess
is much more common in children than in adults, as compared
with cerebellar. Only a thin layer of bone separates the floor
from the internal jugular vein; the mastoid cells communicate with
the cavity, and are also in close relation with the lateral sinus;
and, lastly, the internal carotid artery is only separated from the
anterior wall by a thin plate of bone. The orifice of the Eustacliian
tube and the lower edge of the tympanic membrane, it should be
remembered, are not on a level with the floor of the tympanic
cavity, but some little distance above it; a well is thus formed in
which pus may collect and ferment, even though the membrane
be perforated. Hence the importance of fre(]uently washing out
the cavity with a solution of warm boracic lotion, and the daily
use of PoLiTiiBB's bag for a week or ten days.
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CEREBRAL ABSCESS.

Cerebral Abscess following Ear Disease.— Cerebral abscess is

one of the most serious complications of disease of the middle or

internal ear. It may be situated either in the temporo-sphenoidal

lobe of the cerebrum, which it reaches by passing in some way

through the roof of the tympanic cavity, or in the cerebellum,

which it reaches either from the mastoid process, or by passing

through the internal ear and internal auditory meatus; from the

latter source it may occasionally attack the pons and medulla.

Contrary to the usually received statement it appears that cerebral

abscess is much more common than cerebellar at all ages; but, as

a matter of fact, this is what might naturally be expected. As

regards the exact nature of the abscess it is impossible to say with

certainty; there can be no doubt, however, that the two conditions

under which it is most likely to arise are

—

tension and se27sis. The

abscess itself may be due—(1) To direct spread of the inflamma-

tion from the ear; (2) it may be reflex, or "sympathetic," in nature;

(3) it may be due to minute venous or lymphatic septic emboli

;

or, lastly, (4) the septic inflammation beneath the brain substance

has rendered tliat part of the brain a point of least resistance, and

the septic organisms absorbed into the blood from the increased

tension find it a suitable soil for their growth and development,

la cases of middle ear suppuration, when the tympanic membrane

gives way by a large opening, the tension is relieved, but the

chances of the admission of septic organisms are very much in-

creased; tlie pus tends to pass backwards and involve the mastoid

cells, which form a specially favourable seat for the reception and

lodgment of fermented and fermentiiig pus. It is also evident

that tension will be increased when, as not unfrequently happens,

granulations and polypi spring up from the carious cavity and block

up the openings of the mastoid cells, or even the external auditory

meatus itself. This is now, par excellence, the condition that is most

likely to result in cerebral abscess.

It has been observed that the temperature is often abnormally

low in cerebral absces.s, and the pulse unnaturally slow; the pupils

are dilated, and there is much mental confusion and torpor, usually

passing on, unless relieved, to coma and death.
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Sometimes there is a spot tender to pressure, or percussion over

the temporo-sphonoidal lohe. Further, weakness of the muscles of

the angle of the mouth, ataxic speech, word deafness, and optic

neuritis have been observed. Hemiplegia coming on with signs

of compression many weeks after a head injury, is said to point

to cerebral abscess. Cerebral abscess may .also arise from disease

of the nasal cavities; it is often present in pyaemia, and not un-

frequently foUoAvs injuries to the head.

Diagnosis.— It is impossible to distinguish with certainty

between this condition and diffuse suppurative meningitis, and

thrombosis of one or other of the cerebral sinuses. In meningitis,

however, there is, in the first instance at any rate, high tempera-

ture and rapid pulse, intense headache, tenderness to pressure or

tapping over the cerebrum, contracted pupils, and probably hemi-

plegia or unilateral spasm; and in phlebitis and thrombosis of

the sinuses these symptoms Avould be accompanied with signs of

pyaemia, sucli as repeated rigors, high temperature, profuse sour-

smelling perspiration, peculiar waxy tint of the skin, peculiar

odour of the breath and metastatic abscesses, as well as swelling

in the course of the internal jugular vein and side of face. If the

internal jugular vein be the seat of the thrombosis there will be

signs of pressure on the glosso - pharyngeal, vagus, and spinal

accessory causing spasm of the sterno -mastoid, and also on the

hypo -glossal nerve, together with tenderness at the side of the

neck; should the thrombus be situated in the cavernous sinus

there will be signs of pressure on the third, fourth, and sixth

nerves, causing paralysis or spasm of the muscles supplied, and

also on the ophthalmic vein, causing suffusion of the eyes and

possibly unilateral optic neuritis. In a series of cases collected

by Dr M'Bribe, he found that when the abscess involved the

tympanum and mastoid, cerebral abscess was much more common

than cerebellar, but that when the tympanum and labyrinth were

involved, then cerebellar abscess was the ride. Diffuse purulent

meningitis is also common, especially when the tympanum and

labyrinth are the seat of suppuration.

To distinguish between the cerebral and cerebellar forms is by

no means easy. In the cerebellar form there will probably be severe

occipital headache, vomiting and vertigo following long existent
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car disease ; there will also prolaably be douhle optic neuritis, with

an absence of bone conduction as tested by the tuning fork applied

to the forehead or teeth (M'Eride). This last fact would seem to

show that the nerve of hearing is destroyed by the suppurative

]irocess having spread to the labyrinth, and thence, through the

internal auditory meatus, to the cerebelhim; one would also expect

some signs of irritation or paralysis of the facial nerve. ^^lastoid

tenderness points rather to cerebellar abscess.

In the cerebrum one must chiefly trust, for purposes of diagnosis,

to the slow pulse and low temperature, history of previous ear disease,

together with signs of pressure on the cavernous sinus and parts

near it, especially on the third nerve and venous canal, as well as the

l>robable existence of unilateral optic neuritis—or it may be bilateral

;

also paralysis of tlie third nerve, oedema of the retina, circumorbital

congestion and exophthalmos. One would also expect some interfer-

ence with hearing, smell, or taste, according as the first, second, or

third temporo-spheuoidal convolution is the seat of the abscess.

In abscess of the brain the prognosis is so grave, wlien left

alone, that the general rule is
—" When in doubt trephine." The

only question is where. In a case of Professor Greenfield's, suc-

cessfully operated upon by Dr CAinn, Professor Chiene advised

the opening to be made in the skull near the tip of the temporo-

sphenoidal lobe, in the region of the pterion, from the belief that

the pus would tend to gravitate downwards and forwards, and also

from the fact that there were signs of pressure on the cavernous

sinus; the result fidly confirmed the correctness of his conclusions.

In another case of abscess of the temporo-sphenoidal lobe, success-

fully operated upon by INTr Barker, the trephine was entered an

inch and a quarter behind, and the same distance above, Keiii'«

"base line." Dr M'Bbide thinks that the trepliine should be

entered so as just to expose the roof of the tympanum, and for

this purpose proposes that a curved incision should be made over

the ear, the auricle dissected downwards, and the trephine entered

just above and in front of the external osseous meatus. This

incision is advised, both for the purposes of drainage, and also to

attack the abscess as near as possible to its source.

In order to reach the cerebellum, Mr Hulke perforated the

occipital bone about tlxree quarters of an inch behind and inwards
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from the mastoid process, the cro-\vu of the trephine encroachiug

upon the inferior curved line; this point is sufficiently removed

from either the horizontal or the descending portion of the lateral

sinus, and also forms a dependent point for drainage. A horse-

shoe incision is made through the tissue at this spot, the ends of

the incision being a little above the external occipital protuberance,

and the bend slightly below the level of a line joining the apices

of the mastoid processes. The occipital artery is divided, and

must be secured at once. Mr Barker advocates a point an inch

and a half behind the centre of the meatus, and an inch below

Eeid's " base line."

RESUME of the various possible sequeltc of chronic middle-
car suppuration (otitis media) :

—

1. Disease of the Mastoid Cells (see page 574).

2. Phlebitis and Thrombosis of lateral sinus. Signs—
High temperature, rigors, swelling, and pain in the

course of the internal jugular vein and side of face,

from venous obstruction.

3. Subdural Abscess,—This is not common in the adult,

and is accompanied by high temperature, probably

caries, and Potts's pufi'y swelling.

4. Meningitis.—Signs of irritation of the motor and sensory

functions of the brain, as well as the special senses,

gradually passing into paralysis, coma, and death. Note
especially the excited state, the high temperature, the

intense headache, and the tenderness to pressure, or

tapping, over the cerebrum.
•">. Pyaemia.—The usual signs of this disease, with secondary

abscesses.

G. Cerebral Abscess.—81ow pulse, low temperature, great

mental torpor, but absence of marked headache or

tenderness to pressure or tapping.

7. Cerebellar Abscess.— Symptoms supposed to point to

this condition are—(1) Occipital headache, (2) cerebral

vomiting, (3) retraction of the head, (4) loss or im-

pairment of balancing power, (5) persistent dilatation

of the pupil (ini/driads), and (6) tonic muscular spasm,

most marked on same side as the abscess.
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8. Granulations and Polypi blocking \x\^ the external

auditory meatus.

9. Caries and Necrosis of difiereut parts of the temporal

bone, other than the mastoid process.

10. Erosion of large vessels, as the junction of the lateral

sinus and internal jugular vein {dnus or gulf of the

internal jugular) or the internal carotid artery.

11. Spontaneous Perforation of the Mastoid Process

under soft tissues, and the formation of a pneumatocele

or tumour containing air, the air of course coming from

the pharynx up the Eustachiair tube to the middle ear,

» and then through tlie mastoid cells. It is known by

its soft feel, is probably reducible, can be increased

in size by forcing air up the Eustachian tube, and is

resonant on percussion.

12. Disease of the Temporo-Maxillary Articulation, leading

to ankylosis more or less comi)lete, and consequent

inability to open the mouth. This is more likely to

happen in cliildren on account of the presence of the

suture between the auditory process and the squamosa-

zygomatic portion of the temporal bone.

IJ. Suppuration of the Upper Cervical Glands.— AVlien

the deep glands are affected, and if at the same time

there is a suspicion' of mastoid disease, it may be a

matter of considerable difficulty to make out the cause

of the constitutional distui'bance, for the symptoms

may strongly suggest intra-cranial mischief.

MASTOID DISEASE.

IMastoid disease resembles other bone diseases, being either a

periostitis ( and superficial ostitis, or else deep ostitis. In the

Urst there will be great pain, tenderness to pressure, redness and

swelling over the bone, as it is comparatively superficial—the

swelling making the auricle stand out from the head ; in the

second form there Mall also be great pain, but no swelling uor red-

ness, though there may be tenderness oii tapping or deep pressure.

In both the great danger is pytemia, as in all bone disease where
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.there is putrid piis under higli tension, osteophlebitis, and septic

thrombosis, Avhich thrombi break down and form minute septic

emboli, with all their secondary results. The question is, icheii to

interfere? It is doubtful whether one ought to trephine without

first having signs of tenderness to pressure, superficial or deep;

and again, it wUl probably do little good if there are already signs

of widespread septic infection, or diffuse suppurative meningitis.

Still, even in such a condition, opening and washing out cannot

place the patient in any worse a condition than before, and may
do a great deal of good.

In trephining the mastoid antrum, a small-headed trephine

shoidd be used, and it must be entered on a level with the

?tpjf;er. wall of, and as near the meatus as possible, and it should

be du-ected forwards, inwards, and slightly upwards. Probably a

less complicated form of instrument, such as a gimlet or gouge, is

all that is required, and will be equally efficient in cases demand-
ing this operation. In either case, were the instrmnent directed

at right angles to the mastoid process, there is great danger of

going too deeply and opening the lateral sinus, and yet missing the

object of the operation. An inoision should be made from beloAV

upwards, parallel with the attachment of the auricle and half-an-

inch behind it, so as to avoid the posterior auricular artery. After

having made an opening it must be treated in the same way as

any otlier suppurating cavity—viz., -introduce a drainage tube
through the mastoid cells, or antrum, into the tympanic cavity,

and wash it out occasionally Avith some warm antiseptic tkiid,

such as boracic acid, in both directions, from the external audi-

tory meatus, and also from the drainage tube. For the relief of
superficial infiammation, or abscess of the mastoid process, a similar

incision should be used.

Fig. 119, from a specimen in the 4)ossession of Dr Symington,
shows very well the relation of the mastoid antrum to the attic,

or upper chamber, of the tympanic cavity, and to the external
auditory meatus. In the specimen in question the squamosa-
mastoid, or external petro-squamous suture, was persistent, so that
the tenqjoral.bone consisted of two parts— one, formed by the
united petro-mastoid, tympanic, and styloid elements j the other, by
tlie squamosa. In tin; figure the squamosa has been disarticulated
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from the rest of tlie temporal bone ; in this way the attic, or upper

chamber, of the tympanic cavity and the mastoid antrum liave

been exposed, as the squamosa forms the outer wall of these

spaces.

Fig. 119.

Position of the Mastoid Antrum.

(Symington'.)

m. a.—-Ma-stoiJ Autniiu.

It should be remembered, as Dr Symington has pointed out,

that there are no mastoid cells, properly so called, in infants ; in

them the mastoid simply contains a single air cell, which com-

municates with the upper chamber or attic of the tympanum. It

is known as the mastoid antrum. It has also been shown that

up to puberty the mastoid process is finely cancellous, but after

this time air cells are developed ; in many adults, however, the

development of air cells is imperfect, and in some entirely absent.

In all cases, however, both in children and adults, the mastoid

antrum is present, and, accordmg to Mr Barker, is the point to

be aimed at in suppuration of the mastoid process.

END OP VOL. I.
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Abscess, cerebral, 570
Diagnosis from auenrism, 6

In mastoid cells, 674
Orbital, 529

Acromio-clavicular joint, 361
Dislocations of, 3()2

Acromion process, fracture of, 431
Adenoid vegetations, 668
Advancement, operation of, 552
Amputation in general, 178

Assistants required, 182
Garden's method, 187
Cii'cular method, 182
Flap methods, 183

HEemorrhage during

—

How prevented, 178
Instruments for, 179
Lister's method, 187
Modified circular, 185
Oval method, 188
Principles of, 189
Spence's method, 18G
Teale's method, 185

Amputatious, special, 194
Arm, 219
Ankle, 249
Elbow, 218
Fingers, 194
Foot, 235

Chopart's, 246
Hancock's, 259
Hey's, 240
Lisfranc's, 240
Mackenzie's, 255
Pirogoff's, 256
Sub-astragaloid, 258
Syme's, 249
Tripier's, 259

Fore-arm, 213
Lower third, 213
Upper two thirds, 216

Hand, 194
Hip joint, 291
Knee joint, 273

Garden's, 277
Gritti's, 280

Lister's, 281
Stokes', 281

Leg, 261
Above the ankle, 261
Upper two thirds, 265

Lower limb, 235
Metacarpo-phalangeal joints, 200
Metatarso-phalangeal joints, 236

Shoulder joint, at, 223
Tarsus, through, 240
Thigh, 282

Lower third, 282
Middle third, 286
Upper third, 286
Vermale's, 285

Thumb, 206
Toes, 235
Upper Limb, 194
Wrist, at, 210

Anastomotica magna, 160
Anatomical neck of the humerus

—

Fracture of, 435
Anatomist's snuff-box, 121
Aneurism in general, 1

By anastomosis, 4
Arterio-venous, 3

Causes of, 4
Cirsoid,

4

Treatment of, 20
Classification of, 1,2
Definition of, 1

Diagnosis of, 6

From abscess, 6

From cysts, 6

Pulsating tumours of

bone, 7

Solid tumoiirs, 6

Dissecting, 2

Fusiform, 1

Gangrene after ligature, 33
Medical treatment of, 10

Pressure effects of, 8

Progress of, 8
Sacculated, 2

Spontaneous cure of, 8

Surgical treatment of, 11
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Symptoms of, 5
Traumatic, 2
Treatment of, 10

By compression, 16
Digital, 17
Instrimieutal, 17
Constitutional, 10
Esmarch's method, 18
Flexion, 17
Foreign bodies, 19
Galvano-punoture, 19
Injection, 18
Ligature, 11
Anel's, 13

Antyllus's, 11
Brasdor's, 15
Hunter's, 13
Wardrop's, 15
Manipulation, 18

Tubular, I

Varicose, 3

Symptoms, 4
Treatment, 20

Aneurisms, special

—

Aorta, thoracic, 34
Diagnosis of, 35
Differential diagnosis of, 38
Pressure effects of, 36
Symptoms of, 35
Tracheotomy for, 37

Axillary, 112
Innominate artery, 53

Diagnosis of, 54
Pressure effects of, 54
Symptoms, 54
Treatment of, 57

Popliteal, 16(!

Diagnosis of, 1G6
Symptoms of, 166

Aneiu-ismal varix, 2

Treatment of, 19
Ankle joint, amputation at, 249

Dislocations at, 409
Excision of, 348
Its movements, 407

Anterior chamber of the eye, 528
Aorta

—

Abdominal, 130
Thoracic, 34

Aqueduct of Fallopius, 561
Aqueous humour, 528
Arches of foot, 407
Argyll Robertson symptom, 546
Arm, amputations of, 219
Arteries, or artery

—

Anatomy of, 22
Aorta

—

Abdominal, 130
Thor.aoic, 34

Auricular, posterior, 101

Axill.nry, 105
Brachial, 113
Brachio-cephalic, 53
Carotid, common, 79

Ligature of, 83, 86
Carotid, external, 89
Carotid, internal, 88
Centralis retinaa, 520
Circumflex iliac, deep, 146
Chronic inflammation

—

Effects of, 25
Deep epigasti-ic, 1 46
Division of, effects

—

Complete, 23
Partial, 24

Dorsalis pedis, 175
Facial, 98
Femoral, 149

Ligature of common, 152
Deep, 161
Superficial, 156
For elephantiai^is, 156

Deep, 161 -

Foot, 176
Fore-arm, 118
Gluteal, 140
Hand, 124
Iliac, common, ligature of, 136

External, ligature of, 148
Internal, ligature of, 138

Ilio-lumbar, 148
Innominate, 63

Ligature of, 54
Internal mammary, 77

Ligature of, 78
Ligature of, 22

Lingual, 94
Ligature of, 96

Maxillary, internal, 103
Meningeal, middle, 103
Nerves of, 26
Obturator, 142
Occipital, 100
Ophthalmic, aneurism of, 628
Palmar, 124
Peroneal, 171

Ligatm-e of, 171
Pharyngeal, ascending, 102
Plantar, 176
Popliteal, aneurism of, 166

Ligature of, 164 •

Priuoeps cervicis, 78
Profunda cervicis, 78
Pudic, 140
Kadiid, 118

Ligature of, 120
Sciatic, ligature of, 140
Sheath of, 23
Subclavian, 59

Ligatm-o of, 60
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Supra-scapular, 77

Temporal, 102

Thyroid, ligature of

—

luforior, 76

Superior, 93

Tibial—
Anterior, ligature of, 173

Posterior, ligature of, 167

Transversals colli, 77
Ulnar, 122

Ligature of, 123
Vertebral, 74

Ligatm-e of, 71
Vessels of, 26

Arterio-veuous anemism, 3

Arthreotomy, 306
Arthrotomy, 311
Astragalus, dislocations of, 412

Excition of, 514
Auditory meatus, external, 557

Nerve, 565
Auricle, cysts of, 559
Auricles, supernumerary, 560
AxUlary artery, 105

Bend of elbow, 116
Biceps tendon in arm, dislocation of, 370
Bifurcation of aorta, 130
Bone, anatomy of, 415
Box spUut, 494
Brachial artery, 113

Compression of, 113
I,igature of, 113

Brasdor's operation, 15
Bryant's triangle, 391
Bursa under psoas, 388
BursEe about knee, 403
Buttock, artei-ies of, 140

Calcaneo-scaphoid ligament, 408
Canal of Schlemm, 525
Canaliculi, 530
Capsule of Tenon, 529
Carbuncle, facial, 529
Cai-den's amputation, 187
Carotid artery, 79

Aneurism of, 79
Ligature of, 83
Wounds of, 79
Tubercle, 75

Carter's operation, 653 »
Cataract extraction, 548
Catheterism of Eustachian tube, 564
Cavernous sinus, 519
Cerebral abscess, 670

Diagnosis of, 671
Cervical sympathetic, paralysis of, 545
Charcot's disease, 475
Chieue's amputation, 204
Chieue's measurement, 391

Chloroform, administration of, 43

Chopart's amputation, 246
Chorda tympani nerve, 560
Choroid, 522

Diseases of, 523
Olu'onio rheumatic arthi'itis, 478
Cihai'y muscle, 524

Zone, 537
Circumcorneal zone, 533
Cirsoid anem-ism, 4
Clavicle, 425

Dislocations of, 368, 361
Fractures of, 426
Green-stick fracture, 426
Movements of the, 358
Ossification of, 425
Kelations of, 514
Eemoval of, 514
Structures behind, 614

" Clawed hand," 447
Club hand, 447
Cceliac axis, 131
Collateral circulation in ligature of

—

Abdominal aorta, 131
Axillary

—

Fii-st part, 107
Third part, 112

Brachial, 117
Carotids

—

Common, 86
External, 91

Femoral, Common, 153
Deep and superficial, 162
Gluteal, 142

Iliac, common, 138
External, 147
Internal, 139

Innominate, 66
Peroneal, 172
Pudic, 142
Radial, 122
Sciatic, 142
Subclavian

—

First part, 61
Second jjart, 72
Third part, 72

Tibial, anterior, 176
Posterior, 172

Ulnar, 124
OoUfis's fracture, 467
Coloboma iridis, 539
Congenital syphilis, signs of, 535
Conjunctiva, vessels of, 533
Conjunctivitis, 533, 534
Coracoid process, position of, 370
Cornea, wounds of, 525

Septic ulcer of, 637
Coronoid process of ulna, 463
Cranial nerves

—

Fifth pair—first division, 543
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Fourtli pair, 543
Second pair, 538
Sixth pair, 544
Third pair, 541

Oritchett's operation, 552
Crutch palsy, 448

Davy's lever, 293
Deltoid, atrophy of, 370
Digital arteries, 125
Dislocations, special, 364

Ankle joint, 409
Astragalus, 412
Clavicle, 360

Inner end, 360
Outer end, 361

Elbow, 377
Foot, 412
Fore-arm, bones of, 380
Hip, 389
Knee, 404
Patella, 406
Scapula, 363
Shoulder joint, 366
Subastragaloid, 413
Thumb, 383
Wrist joint, 383

Dorsalis pedis artery, 175
Double i>ulse, 122
Drojj wist, 446
Dupuytren's fractui-e, 410

Splint, 496

Ear, the, 557
Abscess of, 568

Ear-ache, acute, 567, 569
Ear, cough, 567

Examination of, 566
Hiematomata of, 559
Inner, 565
Polypi of, 570, 574
Sneezing, 567
Yawning, 567

Elbow joint

—

Anastomoses round, 118
Dislocation of, 337
Excision of, 318
Fractures near, 442

Enostoses of frontal sinus, 529
Epioondyles of humerus, 434
Epigastric artery, deep, 146
Epiphora, 532
Epiphyses of pelvis, 466

Upper, of femur, 469
Epipihysis of acromion, 431

Lower, of femur, 469
Fibula, 490
Humerus, 432
Olecranon, 450
Badius, 449

Index.

Tibia, 489
Ulna, 449

Esmarch's bloodless plan, 178
Eustachian catheter, 664

Tube, 562
Excision of

—

Auldo, 348
Astragalus, 514
Clavicle, 514
Elbow, 318
Eye, 554
Hip joint, 333
Joints, 305

Conditions of success, 308
Indications for, 305
Instruments for, 310

Knee, 339
Lower jaw, 509
Os oalcis, 513
Scapula, 516
Shoulder joint, 312
Upper jaw, 502
Wrist joint, 325

External auditory meatus, 557
Extra-capsular fracture of femur, 473
Eye, the, 618

Blow on, results, 665
Excision of, 554
Sympathetic nerve in relation

to, 545
Eyeball, the, 522

Coats of, 522
Dangerous zone of, 637
Movements of, 536
Muscles, 536
Nerves of, 538
Eefractive media of, 628
Vessels of, 533

Eyelids, the, 520
Dermoid cysts of, 521

Facial artery, 98
Vein, 99

Fascia, bicipital, 114
Iliac, 150

Femoral artery, ligature of, 166
Femur, dislocations of, 389

Fractures of, 470
Fenestra ovalis, 561

Rotunda, 561
Fibula, fractures of, 493
Fifth cranial nerve (1st division), 643

Nasal branch of, 544
Fingers, amputation of, 194
Fire in the eye, 536
Fistula lachrymalis, 532
Foot, amputations of, 236

Dislocations of, 412
Fore-arm, amputations of, 213

Fractures of the, 449
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Fossa subclavicular, 368
Uf Eoseumiiller, 563

Fracture in general

—

Causes of, 423
Comminuted, 422
Complicated, 421
Compound, 421
Diastasis, 422
Dii-ection of, 422
Green-stick, 422
Impacted, 422
Incomplete, 422
Multiple, 422
Predisposiug causes, 423
Signs of, 423
Treatment of, 424
Varieties of, 421

Fractures, special, 426
Acromion process, 431
Arm, 432
Clavicle, 425
Colles's, 457
Coracoid process, 432
Coronoid process of ulna, 453
Dupuytren's 410
Femur

—

Lower end of, 479
Necks of, 470
Shaft of, 477

Fibula, lower end, 493
Fore-arm, 449
Humerus, 432

• Great tuberosity, 438
Lower end, 442
Necks, 435
Nerve injiu-ies in, 446
Shaft, 439

Leg, 489
Metacarpal bones, 463
Olecranon, 451
Patella, 486
Pelvis, 466
Phalanges, 464
Pott's, 410
Eadius, 453
Scapula, 430
Smith's, 460
Tibia, 492
Ulna, 454

Freenum linguro in tongue-tie, 98
Fourth cranial nerve, 543

Galvano-puncturo, 19
Gangrene after ligature, 33
Glaucoma, 546
Glaucomatous cup, 527
Gluteal aneurism, 140

Artery, 140
Graduated compress, 126
Granular lids, 521

Hsematoma on the pinna, 669
HEemorrhage, spontaneous arrest of, 23

Arterial, 26
Capillary, 26
Effect of chronic inflammation on, 26
Intercostal, 78

Hancock's excision of ankle, 349
Hand, amputation of, 194
Hemianopsia, 639
Herpes Zoster, 544 \
Hip, ankylosis of, 334

Dislocations of, 389
Hip joint, 385

Amputations at, 291
Fractures about, 470
Movements of, 387

Housemaid's knee, 403
Humerus, dislocations of, 366

Fractures of, 432
Non-union after, 442

Hunter's caual, 159
Hypogastric artery, 138
Hypopyon, 537

Inferior maxilla, excision of, 509
Innominate artery, 53

Bone, 466
Insane ear, 669
Intercostal artery, wound of, 78
Internal carotid artery, 88

Mammary artery, 77
Intra-capsular fracture of femur, 471
Iridectomy, 550

For glaucoma, 560
Iris, 524

Dermoids of, 539
Inflammation of, 633
Muscles of, 624
Vessels of, 533

Iritis, 633

Jaw, lower, excision of, 509
UiDper, excision of, 502

Sarcoma of, 503
Joints, descrijation of

—

Acromio-clavicular, 361
Anatomy of, 354
Ankle, 407
Classification of, 368
Disease, diagnosis of, 367
Elbow, 372
Hip, 385
Kneo, 397
Loose bodies in, 406
Eadio-uluar, 373
Shoulder, 363
Steruo-clavicular, 368
Wrist, 381

Joints, effusion of fluid into—
Ankle, 409
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Elbow, 375
Hip, 388
Knee, 402
Shoulder, 365
Sterno-clavicular, 369
Wrist, 382

Joints, excision of

—

Ankle, 348
Elbow, 318
Hip, 333
Knee, 339
Shoulder, 312
Wrist, 325

Knee joint

—

Amputation at, 273
Arteries of, 344
Arthrectomy of, 340
Bursfe about, 403
Dislocations of, 404
Excision of, 339
Subluxation of, 404

Labyrinth, 565
Lachrymal abscess, 531

Apparatus, 530
Canals, 530
Gland, 530
Sac, 530

Lachrymation from irritation of nasal
nerve, 544

Lamina f iisca, 622
Supra-choroidea, 522

Leg, amputation of, 261
Fractures of, 489

Lens, 528
Levator palpebrse, 520
Ligamentum pectinatum ii-idis, 626
Ligature for anem-ism

—

Above and below sac, 11
Anel's, 13
Brasdor's, 16
Gangrene, after, 33

Treatment of, 33
Hunter's, 13
Material of, 26

Catgut, 27
CarboUsed sUk, 27
Kangaroo tendon, 28

Ox aorta, 28
Waxed silk, 26

Separation of, 27

On cardiac side, 13

On distal side, 15

Recurrent pulsation after, 33

Wardrop's, 15

Suppuration of sac, after, 33

Ligature of Arteries

—

Aorta abdominal, 131

Arteria dorsalis pedis, 175

Assistants, 43
Axillary arteries, 106
Brachial artery, 113
Brachio-cephaUc artery, 55
Carotid artery, 79

External, 89
Internal, 88

Dorsalis pedis, 175
Facial, 99
Femoral artery, 149

Common, 152
Deep, 161
Superficial, 156

Gluteal, 140
Iliac, common, 136
Iliac, external, 143

Abernethy's method, 143
Cooper's method, 144

Iliac, internal, 138
Instruments required, 43
Internal mammary, 77
Knife, to hold, 31
Lingual artery, 94
Meningeal, 103
Occipital, 100
Palmar, 124
Peroneal artery, 171
Plautai-, 176
Popliteal, 163
Position of patient, 31
Pudic, 140
Eadial artery, 120
Sciatic, 140
Special points in x-efereuce to, 28
Subclavian artery, 69

Behind Scalenus anticus, 64
In third pai-t, 65

Temporal, 102
Thyroid arteries

—

Inferior, 76
Superior, 93

Tibial arteries

—

Anterior, 172
Posterior, 166

Ulnar, 122
Vertebral, 74

Lingual artery, 94

Lisfranc's amputation, 240
Lister's bloodless plan, 178
Locomotor ataxy-

—

Eye symptoms in, 556
Long splint, 479

Machinery accidents, 25
M'Intyre's splint, 484
Malleoli, position of, 409
Manning's splint, 488
Mastoid antrum, trephining of, 575

Disease, 574

Medio tarsal amputation, 246
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Meibomian glands, 521
Melanotic growths of clioroid, 554
Meatus of ear, nerves of, 559

Vessels of, 559
Membrana papillaris, 524

Tympani, 557
Examination of, 567
Incisions in, 559
Perforation of, 568

Meningeal artery, 103
Meningitis from abscess of ear, 569, 573
Mesenteric arteries, 131
Metacarpo-phalangeal joint of thumb,

383
Mickulicz's operation, 351
Middle ear, suppuration of, 569

Complications, 569, 578
Middledorpf's triangle, 438
Miner's elbow, 376
Morris's measurement, 391
Musculo-spii-al nerve, 446

Paralysis of, 446
Myopic crescent, 527

Nasal duct, 531
Nerve, 544

Ndlaton's line, 391
Notch of Eivinus, 559

Obturator or thyroid dislocation, 395
Ocular nerves, causes of paralysis, 645
Qisopliagus—relation to aorta, 40
Olecranon process, position of, 376

Fractures of, 451
Opaque optic nerve fibres, 538
Ophthalmia, sympathetic. 564
Ophthalmoplegia externa, 545
Ophthalmoscopic ajspearance of the

fundus, 526
Optic disc, 526, 527

Cupping of, 527
Optic nerve, 538
Orbicularis palpebrarum, 520
Orbit, the, 518

Dermoid cystp of, 521
Pulsating tumours of, 528

Orbital abscess, 529
Aneurism, 528
Cavity bones of, 518
Fat, 529
Tumours, 529
Walls, 518

Os calcis, excii-ion of, 513
Osseous ankylosis of hip, 334
Otitis media, 568

Possible results of, 573

Palmar arcTies, wound of, 126
Treatment of, 127

Pannus, 621, 535

Paralysis of cervical sympathetic, 545
Musculo-spiral nerve, 446
Orbital nerves, 538
Ulnar nerve, 447

Patella, dislocation of, 406
Fracture of, 486

Patient, position of, 192
Peroneal artery, 171
Phrenic ner.ve, 64
Pinna, 559
Pirogoff's amputation, 256
Pituitary body, hypertrophy of, 540
Plantar arch, wound of, 176

Treatment of, 176
Pneumatocele, 574
Politzer's method, 663
Popliteal aneurism, 166

Artery, 163
Pott's fracture, 410
Prince's operation, 553
Profunda arteries in arm, 117

Femoris, 161
Ptot.is, 542
Pulse in aneurism, 91
Puncta lachrymalia, 530
Pyramidal cataract, 628

Eadial artery, 118
Kadius, dislocations of, 380

Fractures of, 453
Head of position, 337

Readjustment, operation of, 562
Eecurrent laryngeal nerve, pressure

on, 37
Eetina, 526

" Salmon patch," 536
Sartorius muscle, 157
Saturday-night palsy, 448
Scalene muscles, 66
Scaphoid tubercle

—

Position of, 409
Scapula, fractures of, 430

Eemoval of, 516
Sclerotitis, 534
Semilunar cartilages, 404
Shoulder, bursse near, 366

Dislocations, 366
Fractures, 435

Shoulder joint amputation, 223
Sixth cranial nerve, 544
Skewer, steel, 293
Spaces of Foutana, 625
Sphenoidal fissure, 519 '

Spine, concussion of

—

Eye, symptoms in, 556
Squint, 642
Steruo-clavioUlar joint, 358

Disease of, 369
Dislocations of, 360
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Stillicidium lacbrymarum, 532
Stirrup splint, 4'J8

Sti-abismus, operation for, 551
Student's elbow, 375
Stump, dressing of, 192
Subacromial bursa, 366
Subastragaloid dislocation of foot 413
Subclavian artery, 59
Subclavicular fossa, 368
Subluxation of knee, 40'i

Suj5erior maxilla excision of, 502
Thyroid artery, '.t3

Surgeon, position of, 191
Symo's amputation at ankle, 249
Sympathetic nerve in relation to eye, 545

Kffects of lesion in neck, on eye, 545
Sympflthetio opbtlialmitis, 637
Sympathetic, pressure on, 37
Synecliia3, 525
Synovitis (see Joints, effusion of fluid

into)

Tarsal cartilage. 520
Tarsal cysts, 521
Teudo oculi, 531
Tliigh, amputation of, 282

P'racturos, 479
Third cranial nerve, 541
Thumb, amputation of, 206

Dislocation of, 383
Tibia, structures on head, 399
Tibia and fibula, -fractures of, 492, 4i'3

Tibial arteries, 167, 173
" Tongue-tie," 98
Tonsil, bleeding from, 102
Trachoma, 521
Transverse arch of foot, 407
Transverse cervical artery, 77

Tubercle for adductor magnus, 160
278, 468

Tubercle of tibia, 489
Tumours of orbit, 528
Tympanic cavity, relations of, 509
Tympanum, the, 560

Arteries of, 661
Nerves of, 561
Eolations of, 669

Ulna, dislocations of, 380 .

jraotures of, 454
Ulnar artery, 122

Nerve, 122
Nerve, paralysis of, 447

Valsalva's method, 663
Varicose aneurism, 3
V'arix, aneurismal, 3
Vertebral artery, 74

Ligature of, 74
Visual centre, 5S9 ^
Vitreous, floating opacities in, 527

Wardrop's operation, 16
" Watery eye," 532
Wax in the ear, 567
Weight and pulley, 482
Wing scapula, 363
Wrist joint, o81

Amputations at, 210
Dislocations of, 383
Excision of. 325
Fractm-es about, 462
Movements at, 382

Yellow spot, 526
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